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February  2.  1 720-1: 

At  a  Meeting  of  the  ROYAL  SOCIETY^ 
Sir  Isaac  Newton,  Prefident,  in  the  Chair ^ 

Mr*  JONES  prefented  a  Scheme  and  Specimen  of  an  Abridg- 
menc  of  th&  Philosophical  Transactions, 
bom  the  Year  1700  to  the  Year  1720.  Thb  Defign  was 
approved  of  by  the  Society,  and  he  was  defired  to  proceed 
tbereb. 

Bdm*  Halleyy  Seer.  Reg,  Soc. 

t 

OBoh,  27.  1 72 1. 

IMPRIMATUR  E^tome  Tjanlkaionum  Phi- 
lofophicarum,  ab  Atmo  1700  ad  Annum  1720, 
a  D.  Hen.  Jones  compofita» 

Isaac  Newton,  Reg,  Soc.  Pr^fes. 
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A  B  R  I  D  G  '  D. 

AND 

Diipos'd  under  General  Heads. 
In  Two  Volumes. 

^  I  .  ^ 

By   HENRT ^0  NES,   M.  A.  and 

Fellow  of  Kmg%  College  in  CAMBRIDGK 

Vol.  IV.     Containing      .   ^, 

Parti.   The   MATHEMATICAL  Papers. 
Part  IL  The  PHYSIOLOGICAL   Papers. 

The   Third    Edition    Correded. 
In  whkh  the  LATIN  PAPERS  are  now  Hrft  tranOated  into  ENGLISH* 

^LONDON: 

Frintedfor  W.  Innys,  R.Ware,  J.andP.  Knaptoh,  D.  Browwe^ 
T.  Longman,  C.  Hitch,  J.  Hooobs,  S.  Avstsn,  A.MiLi.A]Ly 
J.  aad  J.  RiviNOTON,  and  J.  Ward. 
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TO   THE 

Right  Honourable 

T    H    O    MAS 

£arl  of  Macclesfield, 

Lord    Hi^    CHANCELLOR 


OF 


GREAT  BRITAlKScc, 


Jiify  Lord, 

S  the  oonfiderable  Improvements,  which 
Learning  has  receivM,  are  chiefly  owing 
to  the  ^vourable  Encouragement  and 
propitious  Influence  of  the  Great ;  So 
amongft  die  many  Patrons  of  the  Age 
there  is  no  one,  who  has  fhew*d  mor9 

Encouragement  to  it  tjian  Your  Lordfliip,  or  who  it 

happy  in  a  greater  Share  of  it. 

To 


* I'he  Dedication. 

To  Your  Lordflup  therrfbre,  as  the  worthiell  Pa- 
tron, I  moft  humbljr  .opfer  ^liefe  Difcourfes  of  the 
greateft   Authors  ;  which,  if  they  have  not   fuffer*d 
in  pafling  throvi^  my  Hftnd%  4^t  not  only  highly 
deferving  of  your  Acceptance,  but  ought  more  par- 
ticularly in  Honour  to  be  ^^jfcrib'd  to  Your  X«ord- 
fliip's  I^ame.      FVar  to  wkom  could  thefe  Volumes 
be  fo  properly  Dedicated,  as  to  one,  who  is  a  perleA 
Mailer  «f  the  Subjefis  here  treated  of?  Who,  like 
his  great  PrcdecelTor  the  Lord  Chancellor  Bacon, 
has  taken  in  the  wide  Compafs  of  Phyfical,  as  well 
t&  Civil  Knowledge ;    and   is   throughly  acquainted 
with  the  Laws  of  Nature,  as  well  as  thofe  of  the 
Land  ?  It  was  His  Honour  to  lay,  in  ibme  Meafure, 
the  Foundations  of  thofe  Improvements^  which  Phi- 
losophy has  £nce  received  \  and  it  k  tbe  peculiar  Ho- 
nour   and   Advantage  of  that    Philofophy,  to  have 
fallen  under  Your  Lordfhip*s  Prote<Etion   in  this  its 
maturer  State,  in  an  Age  abounding  with  ufeful  In- 
ventions  and   great    Difcoveries :    Happy    are  thofe 
Sciences  in  fuch  a  Patron ;  they  muft  certainly  con- 
tinue to   flouriOi,    when  Your    Lordfhip   does   not 
only    encourage     them    by    Your    I^jcrality,     tiit 
promote    them    by    the    Authority    of  Your    owto 
Example, 

It  is  Matter  of  Surprize,  my  Lord,  tliat  tEue, 
whofe  whole  Life  has  been  employed  in  the  adive 
Part  of  the  World,  and  in  Ae  Bufinefs  of  a  Pfofef- 
fion  very  difficult  and  laborious,  fliouki  have  any 
Inclination    or  Leifure    for    thofe    other  Parts  of 

Learnings 


Tic  DlBUh^AT  lO.^y.- 

haama^  which  your  Lordihip  is  by-  all  allowed 
to  pofiefs  in  a  very  extraordinary  Degree.  Who, 
though  you  hav6  recdv'd  many  pubUc  AddrefTes 
o£  this  kind  from  eminent  Author^,  yet  you  have 
been  able  (fuch  are  Your  own  natuial  Parts,  and 
(lich  are  Your  Improvements  of  them)  to  equal  thole 
Performances  You  have  coodeicended  to  patronize. 
In  the  Study  of  Divinity,  my  Lord,  You  may  well 
be  {aid,  to  be  inferiour  to  no  one  ;  the  late  Dr* 
HicKEs  has  long  Cimce  told  the  World,  that  You 
sax  a  Pertbo,  *'  Who  to  his  great  Underibndipg 
*'  in  our  Common  and  Statute  Laws,  and  in  th^ 
*'  Effglijb  Conftitution  before  and  fince  the  G>n* 
'<  queA,  has  added  fuch  a  Knowledge  of  all  the 
*'  moft  ufeful  Parts  of  Divinity,  that  it  is  not  eafy 
*'  to  determine,  whether  he  is  better  fkilFd  in  Hu- 
«  man  or  Divine  Laws."  And  I  may  add,  who  to 
his  great  Acquifitions  in  the  more  learned  Studies 
has  join*d  no,  le^s  Attainments  ii)  the  politer  Arts  i 
whdfe  own  Speeches,  on  a  very  memorable  Occafion, 
will  tranlmit  his  Charader,  as  a  confummate  Orator, 
to  the  lateft  Pofterity  :  Compofitions  applauded  and 
admired  by  at} ;  aiid,  wkat  is  the  truefl  Teft  of 
Merit,  commended  by  thofe,  who  diflik*d  the  Subject 
of  them. 

Thefe  Talents  fo  various,  thefe  Qualifications  fo 
tmconuQQP,  .have  icopnunended  Your  Lordfhip  to 
that  H^  d^ce,  winch  you  now  adorn:  Others 
have  ftru^ed  with  great  Competitors,  and  con- 
tending Equals  in  the  Paths  of  Ambition  ;  but  in 
Juftice  to  your  Lordihip  it  is  to  be  remember*d,  that 

You 


Tie  Dedication. 

You  were  iblfidted  and  importuned  to  accept  the  greateft 
Truft  in  the  Nation. 

But  I  muft  not  prefume  to  detain  Your  Lordflup 
any  longer,  mudi  lc6  can  I  pretend  to  do  Juftice 
to  Your  Charadcr  r  And  as,  in  prefenting  You  with 
thefe  Authors,  I  intend  a  Piece  of  great  Refped  to 
Your  Lordihip  ;  fi>  I  muft  efteem  it  a  veiy  g^t  Ho- 
nour done  to  m^  that  any  Thin^  in  which  I  have 
had  the  finalleft  Share,  can  have  the  Favour  of  Your 
Lofdfhip's  Nam^  and  obtain  the  Patronage  of  (b  good 
a  Judge.    I  am. 


Mj  LORD, 


Tour  hordfiifs  mofi  Obedient 


mnd  imfi  lumbk  Servant^ 


.  } 


Henry  Jones. 
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Philofophical   Tranfa6lions 

ABRIDGED. 


PART    L 


Containing  the 


Mathematical  PAPERS. 


CHAP.     I. 

Geometry^  Arithmetic^  j^gebra^  Logaritbmotecbny. 

\  T  has  heretofore  pafled  for  a  current  Maxim,  That 
all  Infinites  are  equal. 

The  Pofition  neverthelefs  is  certainly  erroneous, 
35  Dr.  Hatl^  abundantly  has  (hown  in  the  Pbilofth 
pbical  Tranfaffions  for  O£lob&  1696.  He  there 
gives  divers  Inftances  of  infinite  Quantities  which 
are  in  a  determinate  finite  Proportion  one  to  ano- 
ther, and  fome  infinitely  greater  one  than  another. 
The  Uke  may  be  ohferved  of  infinitely  {mall  Quantities^  viz.  Mathe* 
matical  Point%  at  the  following  Propofitioo  will  make  i^pear. 


Tbi  Propord^ 
on  of  Matbe* 

tytJ^Hon.Fr. 
Roboites,  n. 

334»  P-  470- 
Vid.  fupra 
Vol.  I.  C.  I. 
S.XXV. 


Vol, 


IV, 


B 


PROP. 


2  Proportion  of  Mathematical  Points* 

PROP.  I.]  The  Points  of  Ccntaff  between  Circles  and  their  Tangents, 
are  in  fubduplicate  Proportion  to  the  Diameters  of  the  Circles. 

Fig.  I.  Let  two  Circles  ad  c  hj  afigr  touch  one  another  from  wkhin  at 

the  Point  a.  Draw  the  Tangent  p  aq^  and  parallel  to  it  the  Line  m  n. 
From  the  Point  a  draw  the  Diameter  a  c. 

Let  ^j  r,  the  Diameter  of  the  great  Circle,  be  equal  to  Rj  and  a  h^  the 
Diameter  of  the  lefler  Circle,  be  equal  to  S. 

Let  d  hj  the  Chord  of  the  Arch  dah^ht  equal  to  2,  sindfg^  the  Chord 
of  the  Arch  fa  gj  be  equal  to  jr,  and  let  the  Abfcifs  a  the  equal  to  x. 

If  the  Line  m  nht  luppofed  to  move  till  it  becomes  co-incident  with 
the  Tanggat  p  aq^  the  Nature  gf  a  Circle  ^1  ^ways.  give  fhc  follow- 
ing Equations; 

jy=:4  5^— 4 XX 

When  the  Line  is  arrived  at  the  Tangent,  z  mdy  will  become  the 
two  Points  of  Contaft,  and  then  22  =  4  JRx  and  jy  =  4  Six.  (4  xx  being 
•feidafide  as*  heterogeneous  to  the  reft- of  the  :ffiquation,  hj  rcafon  of  x 
being  become  infinitely  little.)    Therefore 

zz.yy::4,Rx  .  4Sx::r.s. 
Therefore  z.  y  ::%/  R.  i/  S.     ^E.D. 

PROP.  II.]    The  Point  of  Contact  between  a  Sphere  and  a  PlanCy  is 
'   infinitely  greater  than  that  between  a  Grcle  and  a  Tangent. 

Fig»  2*  Let  tf  be  the  Point  oi  Contaft  between  the  Sphere  adqf  and  the 

Plane  b  c.    About  the  Sphere  dcfcribe  the  Cylinder  npgm. 

Draw  khto  reprefent  a  Circle  parallel  to  the  Plane.  Let  the  Circle 
be  fuppofed  to  move,  till  it  becomes  co^incident  with  the  Plane.  The 
Cylindrical  Surface  k  hgm  will  always  be  equal  (according  to  Arcbi* 
mpdes)  to  the  Spherical  Surface  daf. 

Now  when  thefe  Surfaces  become  infinitely  fmall,  one  terminates  in 
the  Point  of  Contaft,  and  the  other  in  the  Periphery  of  the  Bafe  of 
the  Cylinder.  Therefore  the  Point  of  Conta6t  is  equal  to  the  Periphery 
of  the  Bafe  of  the  Cylinder  (equal  to  a  Periphery  which  has  the  fame 
Diameter  as  the  Sphere)  and  by  Coniequence  is  infinitely  greater  than 
any  Point  of  Contaft  between  a  Circle  and  a  Tangent,    ^E.  D. 

PROP.  Ill]  The  Points  ofContaSl  by  Spheres  of  different  Magnitude 
are  to  one  another  as  the  Diameters  of  the  Spheres. 

m 

For  by  the  feeond  Propofition  the  Points  of  Contact  arc  equal  to  the 
Peripheries  of  fuch  Diameters,  Whofe  PSroportion  is  the  fame  as  the  Dia- 
meters.    ^  E.  D. 

IL  Let 


Properties  of  Cw^t  SeSiionSytAc.  3. 

n.  Let  D  £  be  the  Tranfverfe  Axis  of  the  Ellipfis,  AO  the  other  ^«w  Proper- 
Aws,  and  C  the  Center  of  the  Sedion.     Let  P  be  any  Point  in  its  Cir-  J"  .J^5^"f 
cumference,  P  ^a  Tangent  to  the  Curve  at  P,  meeting  the  Tranfverfe  cgj^^^  Ibe 
Axis  at  ^j  the  Points  5,  F\  the  Foci  \CP^  C  Kf  Conjugate  Semidiame-  Nature  •/  Fo- 
tm  •,  P  H half  the  latus  rcdum  to  t|ie  Dismeter  PC\  PG-sl  Perpendi-  cihMr.Ah. 
cular  to  the  Tangent ;  let  HQ^  perpertdicular  to  PCH,  meet  jthis  in  Ae  J„  J''6m"" 
Point  G,  fo  that  P  G  may  be  the  Radius  of  Curvature  of  the  EUipfis  in  ^^  Jrig/j.  ' 
the  Point  P.    Alfo  let  STyCRj  and  Ff^^  be  Perpendiculars  let  fall  upon 
the  Tangent  P  ^;  let  SO  be  joined^  and  PL  a  Perpendicular  let  fall 
upon  the  Axis.    Thefe  Things  fuppofed,  I  fay  that, 

1.  The  RiSfa9igk  of  the  D^ances  from  each  Focus  of  the  EJUffiSy  or 
S  P  X  P  F,  is  ifiol  to  the  Square  (f  tbt  Semidiameter  C  K. 

Demonfir'ation. 
PSq  =  PCqJhCSq  —  %CSxCL,byii.llE\.  .       . 

PFqz=zPCq+CSq^2CSxCL,hv  ua.  IL  El. 
WhcnceP^j-t-PPy=  2  P(^^^-2C57. 
Now  P  5-+- PF=:D£  =  2  C2?i  and  therefore 
P  5  J  +  P  p  J  +  «  P  5  X  P  F  i=  4  C  D  j! 
HiereforebyTranfpofition,  2  P5xPP  =  4CZ)^— 2  PCf~2C5jrr 
Andby  halfingP5xPF=  2CDj  — PCj— C*yy.   . 
But  it  isCSy  =  CDy—COj,  and  therefore 
P S X P F  =  C D  q^  C 0 i  -r- P  Cq. 

But  CDq^COq=LPCq-^Kq  ;  by  12.  VIi:  Conicks  ofJpoHomus. 
Therefore  PSxPFisCITy.      ^  E.  D.      ' 

2.  The  Diftancefrom  the  Focus  S  ?  is  to  the  Perpendictflar  let  fall  upon ' 
the  Tangent y  as  the  SemiconjugauC  K  h  to  the  lejfer  Scmiaxis  C  O. 

Demanfiration.]  Bccaufe  of  fimiiar  Triangles  5  P  7*  and  FP  r,  it  will 
be P5  .  PF::  5r.  FF  5'  and  componcndo,  PS^  PF to  ST^FK 
ortheir  Halves  CD  toCR, as  P5  to  S r.  Whence  CDxCKtoCR 
X  C JC as  P 5  to  5r.  ButCRxCK  is  equal  to  the  Reftangle  of  the. 
Scmiaxes  CD  x  CO^  by  31.  VIL  Conic.  Therefore  P  ^  is  to  Sf*as 
CDxC  KtoCDxCOy  or  as  CiC  to  CO.  And  in  like  Manner  if 
may  be  demonftratcd,  that  P  F  is  to  F  £7  in  the  fame  Ratio.    ^  E.  D. 

3.  Atfo  the  Traxfuerfe  Semiauis  CD^  to  a  Perpendicular  C  R  let  fall 
from  the  Center  C  to  the  Tangent ^  will  bo  in  the  fame  Ratio. 

For  fince  the  Redtangle  C *  x  CX  is  equal  to  the  Reitengle  CDx 
COj  9S  faid  before ;  we  Ihall  have  the  Analogy  CD  to  C  iJ  as  C  iC  to 
CO.    ^E.D.  . 

4.  Any  Semidiam^er  VC  is  to  the  Diftance  of  the  Point  P  from  the  Fo^ 
cmS^  vr  to  SPj  as  the Di^ncefrom  the  other  Fotus  FP  to  half  the  la- 
ius re&nm belot^im  to  the  Vertesc  P,  artoPH.. 

This  is  manifeft  by  Prop.  I.  fince  the  Square  of  C  JT  is  equal  to  the. 
Rcftangle  SPxPF.  ' 

B  a  s.rbe 


4  Tie  f^tUckki  of  Bedies. 

5«  The ReSlangk $f  the Semwtes  CDxCOistotbe S^^iore of  tbi Smi- 
conjugate  C  K,  ax  CK  io  the  Radius  of  Curvature  PG  in  the  Paim  P. 

For  the  Triangles  PCR,  P G  H are fimilar ;  whence  C  if  is  to  PCas- 
half  the hrtus  rcebxrn  P HtoPd  that  is,  by  Property  3  aforcgoingi 

Whence  this  Analogy  CDxCO  .  C^^  ::  CK.PG. 

Gensraju  Theorem  i.]  The  Centripetal  Perce  ten£i^  t9  the  Jamg, 

Pidm  S^  ^aU Gurm is akvays preforttmU tc  the  Quantity ?^,     ■ 

PGxSTc 
This  Theorem  was  found  by  me  many  Years  ago,  and  th«i  commu- 
nicated to  my  FHefids.    Since  then  it  has  been  OQi^m'd  by  die  De* 
V^v''^7  M  *nonftrations  of  the  learned  Geometricians  D.  J.  BermuUi  in  the  Leipfic 
c.  IV.  b.  v.  jg^^  £j  J  j^-j  .j^  ^^^^^  Qf  thefeTranfaaions>  and  by  D.  J.  Herman 
in  his  Pboronomia^  p»  70,  who  may  be  confuked, 

T^ow  if  we  write  CKc  for  P  G,  by  Prop.  5.  and  ^^  *  by  Prop.  2. 
for  STy  (becaufe  of  CD^  CO  being  given)  the  Centripetal  Force  tending 

to  the  Focus  S  of  the  Ellipfis^  will  always  be  ^^^^^L.  ,  that  is  as 
_  ^  C K e  xS P c 

SP  J  - 

Tp^j  or  ^p- ;  or  reciprocally  as  the  Square^ of  5  ?•  Whence  it  ap- 
pears if  the  ScdioH  be  an  Eliipfis  defcribM  by  the  Motion  of  a  Body>. 
the  Centripetal  Force  will  be  reciprpcaily  as  the  Square  of  the  Diftance 
of  the  Center  of  Force,  From  thefe  Properties  follow  fame  Corollaries 
that  may  deferve  Obferyation, 

Corol.  I.]  The  Velocity  of  a  Body  revolving  in  an  Eliipfis^  at  any  Point 
P,  to  the  Velocity  in  a  Circle  at  the  fame  Difiance  S  P  from  the  Ceniet  of 
Forccy  §4  in  a  JkbdttpUcate  ratio  of  the  TH/tancefrom  the  other  Focus  PF^. 
to  the  inmfverfe  Semiaxis.  of  the  SeSten^  or  as  a  m^m  Proportion^  betwem 
VF  andCD  to  CD. 

For  the  Velocity  of  a  Body  revolving  in  an  Eliipfis  at  the  Diftanoe 
SPy  to  the  Velocity  of  a  Body  revolyiDg  ki  a  Circle  or  Ei%fis  at  the  Dii^ 
tance  of  the  Scmiaxis  CjDctSO,  isasCO  taSTi  diat  is^  k^  Pr^.  2.. 
as  1/  P  i^  to  •  5  P.  But  the  Velocity  of  a  Body  revolving  ia  a  Circle 
at  the  Diftance  C  A  is  to  the  Velocity  of  a  Body  revolving  in  a  Circle  at 
the  Diftance  5P,  as  i/  5P  to  ••  CD.  Thercfbre  ex  atput  the  Velocity 
of  a  Body  revolving  in  an  Eliipfis  at  the  Diftance  S  P,  is  to  the  VeboK 
city  of  a  Body  revolving  in  a  Circle  at  the  lame  Diftance,  as  1/  P  Fta 
VCH. 

C(  rol.  2.1  Having  pvm  the  Velocity  in  a$t  ESipJis^  the  Pojition  of  tl» 
Tangent  y  and  the  Focus  or  Center  ef  ForcCy  it  mUietafy  to  daeremne  /&e. 
other  Foms. 

For  let  the  given  Velocity  be  R  •,  and  let  the  Velocity  by.whdch  aQr/% 
de  would  be  defcribed  at  the  given  Diftance  S  P  from  the  Center  be  ^ 

The-a 


moving  in  EUipfes^  j 

tfccn  by  tBe  foitgbing  Corrihry  'tis  R  to  ^aa  •  PPto  •  CD,  and' 
therefore ^^fa to  jR/i  as  CD  lo  PF,  and  2  ^^— i?/i  will  be  to 
RRzsS  P  to  PF.  But  5Pis given,  and  therefore  P  F  is  given  inMag- 
wmdc.  It  is  aUb  given  in  Pofiooo»  becaufe  of  tbe  Angle  VPF  equal  to 
ffPr.  Hiocfar  die  Point  Fthe  other  Focus  is  given  ^  which  being 
known,  the  SeAion  is  eafilf  deltrib'd. 

Now  if  4itiJ  i&»«tcr  dian^^Ac<^tity  2  ^^— iJ^  willbc 
native,  and  inftead  of  an  EUipm  the  Trajedory  to  be  defcribed  will  be 
changed  into  an  Hyperbola.  And  it  willbeiiie~2  ^^to  RRyZsS 
P  to  PFf  the  Diftance  of  the  other  Focus,  to  be  transferred  to  the  other 
Side  of  the  Tangent,^  that  the  Focus  Fmay  be  had.  Now  all  the  Prefer* 
des  which  we  have  demonftrated  in  the  Ellipfis,  changing  what  ought  to 
be  changed,  wiR  belong  aifo  to  the  Hyperbola. 

Now  if  it  fliould  happen  that  ^^is  equal  to  half  the  Square  of  iJ,  then  Kg.  V 
%  S^ —  R  if  ts  «,  or  the  Quandty  vaniihes,  or  the  fourth  Proportional 
P  F  becomes  infinite.  Therefore  the  Trajeftory  to  be  defcribed  will  be 
a  Parabola,  the  other  Focus  paffing  to  an  infinite  Diftance.  But  the  Axis 
6f  the  Trajeftory  is  given  in  Pofidon,  for  it  is  parallel  to  P  f  ,  the  Angle 
FPy  being^now  equal  to  the  given  Angle  SPT. 

CoroL  J.}  Tbe  Veloaty  of  a  l}oi^  rroching  in  a  given  Conic  SeSion,  at 
the  Dijami  S  P,  is  So  the  Vskcity  of  tbe  fame  revolving  at  any  other  Dif 
tana  S  Xj  asa  mean  Proportional  between  FP  and  SXytoa  moan  Propor- 
tional beswem  SPaad  FX. 

FP 
For  the  Velocity  in  P  is  as  4/  ^-5,  by  Prop  2.    And  by  the  fame,  tWe 

S  P 

F  X 

Velocity  in  A*  is  as  •  — -,  whence  the  Propofirion  is  manifeft. 
S  X 

Corol.  4.]  Mfo  tbe  Ratio  of  the  Velocities  of  two  Bodies  revolving  in'  tbe 
Jame  Sy^em^  but  in  different  given  Conic  SeSlions^  the  Dijtances  of  each  beif^ 
gheufrom  tbe  common  Focus  of  tbe  Orbit  Sy  may  heeajily  obtained  by  Corol.  1. 

For  flhce  the  Velocity  of  the  Body  in  P  is  to  the  Velocity  in  a  Circle 
at  the  iame  Diftance^  P,  as  •  PPis  to  1/  CD  \  ^d  in  the  other  fup- 
pofcd  Conic  Sedion,  whofe  Semiaxis  \%cd  and  Foci  5,  / ;  at  the  Diftance 
Sp  thofe  Velocities  are  as  \/pf  to  \f  cd\  but  the  Velocity  of  X  Body 
jtYotving  in  a  Circle  at  the  Diftance  S  P,  is  to  the  Velocity  in  a  Circle  at 
the  Diftance  ^/,  as  •  5^  to  i/  5  P ;  thefe  Ratio's  beif^  compounded, 
the  Velocity  in  P  will  be  to  the  Velocity  in ^,  as  •  Pi*  x  r  ^x 5^  to 
V  pfitCDxSP.  Now  if  the  other  Seftion  is  a  Parabola,  c  i,  pf 
will  be  infinite,  but  in  the  Ratio  of  1  to  2.    Therefore  the  Rano  of  tte 

Vdodtks  will  be  as.  •  PFxSP  tov^TcFxTpT 

CoroL  5.]  J^  in  tbe  Hyperbola  the  Point  ^pajfes  to  Infinity^  it  is  plain 
from  tbe  foregoing^  that  tbe  lafi  and  leaft  Velocity  with  wbicb  a  Bo(fy  would 
afcendfor  ever^  is  efual  to  that  with  wkicb  a  Body  at  tht  Diftance  C  D,  ejuil 
utbc  tranfverje  Scmlms^  wtuld  dtfcrihe  a  Orcle. 

Corol. 


6  T^e  Velocttm  of  Bodifis  moving  in  Ellipfes. 

Corol.  6.]  From  the  given  Difiancefrom  the  Focuf^  Uh  .PqfiiioH  of,  the 
tangent  is  alfo  given^  or  the  Angle  S  P  Tcpniain*d  by  /k^DiJhnce  S  §  and 
Jbe  Tangent  FT.  . . 

For  by  Prop.  2.  'tis  P  S  to  ST  ssC  KtoCOy  otzs  V  SPxPF 
to  CO  ;  and  fJDis  Radius  to  the  Sine  of  Ang.  SPT.  But  in  Ellipfes  that 
approach  near  to  Circles,  it  would  be  better  to  feek  itbe  Angle  PSTy 
tne  Complgment  of  the  fame  to  a  Quadrant.  Now  the>Sihe  of  this  is  to 
Radius  asl/SPx  PF— CO?  is  to  •  -S PytPF. 

Corol.  7.]  Jnd  hence  the  Velocities  fellow  with  which  4he  Dijlances  S  P 
increafe  or  decreafe.  • 

For  from  the  preceding  CoroHary  fince  it  is  as  i^S PxPF  to 
a/  SPxPF'—COq^  fo  Radius  to  the  Sine  of  the  Aii^le  P^SF,  and 
in  the  fame  Ratio  is  the  Velocity  of  the  Body  in  P  tp  the  V  elocity  of  the 

Moment  of  5  P ;  but  that  Velocity  in  P  is  (by  Prop:  ^^J&  •  t±  .  omit- 

^ ■      .    SP 

a/  s  p  yc  p  f     c{yu 

tingthe  fuperfluous  Quantities, ~ -^.  will  always  be  pro- 

S' P 

portional  to  the  Velocity  wherewith  the  Diftance  5  P  increafes  of  decrcafes. 

General  Theorem  II.]  In  every  Curvilinear  Trajeilory  the  Angular 
Velocities  about  the  Center  of  Forces  are  reciprocally  proportional  i$  the  Sfuarbs 
cf  the  Diftances  from  the  Center. 

For  becaufe  of  the  equal  Areas  of  the  nafcent  Seftors,  the  Arches  fub- 
tended  by  thefe  leaft  Angles,  or  the  Bafes,  are  reciprocally  as  the  Radii. 
Therefore  the  Angles  of  thefe  leaft  Seftors  equal  in  Area,  are  to  one  ano- 
ther in  a  duplicate  Ratio  of  the  Radii  reciprocally,  or  as  the  Squares  ^ 
the  Diftances. 

Corol  8.]  Hence  the  Angular  Velocities  of  Bodies  revolving  in  different 
given  mipfes  may  be  compared  to  one  another. 

For  the  Angular  Velocities  by  which  Circles  would  be  defcribed  at 
Diftances  equal  to  the  tranfverfe  Semiaxes,  are  reciprocally  in  the  fefqui* 

alter  Ratio  of  the  Axes,  or  as  ——1——.    But  revolving  Bodies  have. 

thefe  mean  Angular  Velocities,  when  the  Squares  of  the  Diftances  are 
equal  to  the  ReAangles  of  the  Semiaxes  of  the  Ellipfes.    Therefore  by 

1tbeor.^.  itwiUbe^Py  to  CD  x  CO.  fo  Is  ^_to-^^^^2^, 

which  Quantity  is  as  the  Velocity  of  the  Angle  at  the  Center  S^  defcribed 
in  a  given  leail  Time  by  the  Motion  of  the  right  Line  S  P. 

Corol.  9.]  The  Angular  Velocity  by  which  the  Tangent  P  T  performs  its 
Rotation  J  or  the  right  JJne  S  T  perpendicular  to  the  Tangent^  is  to  the  An-- 
jgular  Velocity  of  the  right  Lane  S  P,  as  the  tranfverfe  Semiaxis  CI)  is  to  the 
D0ance  P  "P  from  the  other  Focus. 
Fjg.  s«  Dcmonjlration.']  Let  the  Points  P,^,  be  very  near  each  othcr^  and 

drawing  5  A  Sp^  let  P  T,  />  /  betwo  Tangents,  to  which  let  be  drawn  the 

Perpcn- 


Tangents  to  Curves^  &c.  7 

Perpendiculars  ST^St.  Parallel  to  thefe  let  the  Radii  of  Curvatui^ 
PG,  fGj  he  drawn,  meeting  in  G ;  and  with  Center  S  and  Radius  S  P 
kt  die  little  Arch  P  £  be  drawn,  meeting  Sp  in  E.  It  is  evident  that 
the  Angle  PGpis  equal  to  the  Angle  TS  i^  or  to  the  Angular  Velocity 
of  die  Perpendicular  S  T.  But  the  Angle  P  Spis  the  Angular  Velocity 
of  the  right  Line  S  P.  So  that  P  G  ^  is  to  the  Angle  P  Sp^  as  the  An- 
gular Velocity  of  5  T  is  to  the  Angular  Velocity  of  the  right  Line  5  P  •, 

that  is,  as  ^^  is  to  :^.     But  Pp.  PEllSP  .STll  CK.CO,  by 

C  K     CO 

Prop.  2-    Therefore  thefe  Velocities  are  as  .—-  to  --- .     For  P  G  write 
^  PG     PS 

4^£^,  by  Prep.  5.  and^J[winbecome-£^^^=:  ^^Z 
CDxDO     ^       ^  ^        PG  CKq  PSxPF 

Hence  _j  ^  ^  ^  will  be  to-^-^  or  expunging  what  is  fuperflupus,  C  D 

to  PFy  as  the  Angle  TS  /  is  to  the  Angle  P  5/,  or  the  Angular  Velo- 
city of  the  Tangent  to  the  Angular  Velocity  of  the  Diftance  V  P.  There- 
fore the  Velocity  with  which  the  Tangent  revolves  will  always  be  pro- 
portional tothc  Quantity       J^        — 

In  Seft  3.  Lib.  I.  Of^be  Principles  of  Natural  Pbilofopby,  the  Reader 
mffffcnd  9toft  9f  tbefe  CoroMaries^  derived  from  other  Properties  of  the  Conic 
SeffionSf  or  eqfify  to  be  derived  from  tbem. 

III.  I  propofe  a  Method  of  Tangents,  (immediately  derived  from  thcq-^^^,  /y 
Theory  of  tMMaxma  and  Minima^)  which  is  cafy  and  fufEciently  gc-Qtrves.&c^ 
ncral,  nay  the  mod  general  of  all,  as  being  with  the  fame  Labour  appli-^^''-^-^' 
caWe  to  aQ  Curves.    Nor  fhall  I  fcruple  to  call  it  a  new  one,  fince  '^o^jf*  *  ^' 
one  of  the  celebrated  Geometridans  (as  far  as  I  have  been  able  to  learn) 
have  ever  publiihed  any  Thing  of  this  Kind.    I  fliall  here  only  produce 
a  few  Initances. 

Let  A  G  H  be  a  Curve,  whofe  Vertex  is  A,  its  Axis  A  K,  ordinate  pij.  6. 
FD,  and  its  Center  (if  it  have  any)  the  Point  K-  Taking  L  a  Point 
in  the  Axis,  make  A  L=:ii>  A  Dz^^  F  D==j^,  F  L=2.  Of  thefe  Quan- 
tities the  tiiret  laft  are  Sowing  Quantities,  and  » is  a  conl^ant  Quantity ; 
for  this  being  always  the  fame,  anfwers  to  the  others  which  "are  always 
variable.  From  the  rig^t-angled  Triac^e  F  D  L,  we.V^  tKis  Equa- 
tion, z  z '=-yy  '+'nn  —  insc-^xx-,  and  determining  z  to  be  an  Ex- 
tream,  there  arifes  lyy  —  2  »  *  -f-  2  x*  =  «  ;•  whence  rby .  interpreting 
tyy  according  to  the  particular  Nature  of  the  Curve,  the  Quantity  n 
wiU  be  left,  exprefs'd  in  Ta-ms  that  will  alfo  be  proper' U)  the  Curve,      , 

And  now  by  this  Means  having  z  determined  to  its  Extreme  Valik,  tliit 
is,  having  the  Line  FL  either  the  greateft  or  lead  of  all  thofe  which  can 
be  drawn  to  the  Curve  from  the  Point  L,  and  therefore  perpendicular  to 

the 


The  Method  gf  the  Maxima  and  Minima 

^lie  Curve  in  the  PcMnt  F  ;  k  is  evident  that  D  L  is  chie  Subnormftlr  &Mi 
whence  the  Subtangcnt  is  eafily  derivTpd, 
For  an  Example  Jet  us  firft  take  the  JpdlomM  Parabola,  whtc^  Curve 

we  will  fuppofe  to  be  here  delineated.     Therefore  we  have  %yy:=zr  i^ 

fuppoGng  r  to  be  the  Parameter  j  whence  rx  —  2  n  x  -4-  2  Jrx  z:;  ^»  aad 

/r  =  Zl  -4-  X.    Therefore  the  Subnormal  D  L  rr  ^  r    Now  the  Mcan- 
2 

ing  of  this  Theorem  is  this.  If  beyond  the  Limit  IX  of  the  Abfcifs  A  D 
there  is  tAen  D  L  caual  to  the  Semiparameterj  and  from  the  Point  L  be 
drawn  L  F  ftrait  to  the  Point  F  ;  the  right  Line  fo  drawn  will  be  per- 
pendicular to  the  Parabola  in  the  Point  F,  and  the  leaft  of  all  the  Lines 
that  can  be  drawn  to  the  Curve  from  the  Point  L.  I  fay  it  is  the  leaft  • 
for  to  any  one  that  confiders  the  Nature  of  the  Curve^  it  is  evident  it 
cannot  be  the  greateft,  (which  I  would  have  obfcrved  in  what  follows  5) 
but  it  is  neceflarily  either  the  greateft  or  leaft,  and  therefore  the  latter. 
And  this  is  the  firft  Part  of  Thcor.  5,  Lib.  7.  of  de  la  Hire^  Conicks. 

Let  the  Ordinate  E  B  be  drawn,  and  join  the  Points  E,  L.  make  tlic 

intercepted  Line  B  D  =/,  whence  A  B  =  ;^  — /,  and  B  L  =  —  -f.  / 

2 

NowLEq=  — 4.r5fH-//,andFLq=2  — 4.  r  x.      Thensfore 

4  4 

LEq  —  FLq  =  BDq,  which  is  the  latter  Part  of  the  fame  Theorena. 

The  nearer  the  Point  F  approaches  to  the  Point  A,  or  to  the  Vertex, 
in  which  the  Perpendicular  cuts  the  Curve,  the  nearer  aHb  the  Point  L 
approaches  to  the  fame.  Therefore  when  F  coincides  with  A,  and  (b 
the  Ordinate  F  D  vanifties,  then  the  Minimum  itfelf  lies  in  the  Axis  A  K, 
and  will  be  equal  to  the  Semiparametcr.  That  is,  in  this  Cafe  »=  i  r  only  j 
the  Abfcifs  x  belonging  to  the  vanifhlng  Ordinate  then  alfo  vanifhing. 
If  therefore  A  L  = «  =  x  r,  taking  the  Pdnt  D  between  A  and  L, 

make  AD  =^;  then  there  arifes  F  Lq^ ^  x  Xy  and  therefore 

4 

FLq  — ALq  =  3fy,  that  is,  FLq  — ALq  =  ADq.  Ask  is  Theor. 
2.  L.  7*  Conic,  de  la  FSre. 
Secondfyy  Let  there  be  a  certam  Curve  of  a  fuperior  Parabolic  Order, 

^rhofe  Equation  is  r^~?  ^^  ss  jp^ 

2  p—z  i        2f 
Thenjjrsr      f      %x  ^ » and  therefore 


ap^lud  ta  Gtnic  SeHitm. 

tyy^-r^^       ^        *      ^       *.  Now  if  wcfubftitutc  this  Value  in- 

fiead  of  ^jp^ifi  th«  gcntml  Equation,  which  determines  z  to  be  an  Ex- 
mam^  we  Aali  hanre  from  thence 

n  =  -^  ^       /        *     ^      +  ar,  and  therefore  the  Subaomia}  b 

DLx:-|^r      /        ^     P     '  Now  this  is  cafiiy  apply^d  to  any 

of  theie  Curvies,  if  the  Indices^  and  f  are  rightly  expounded,  accordic^ 
to  the  NttEure  and  Gtniuaof  each  Curr^ 

mrdfy^  let  it  be  fuppofed  that  the  Cunre  b  an  £llipfis»  of  which  A  K 
is  half  the  greater  Axis.    Now  it  follows  from  its  Equation  that  2jj  s= 

ri— ILfL?.    Whcncethcrcarifesri— iJ^iLf— 2»i -4- 2;rj^  =  ^, 

mim^sJL+x-^SJL    Wbcfrfoie  ^JHUL  s  D  L  the  Subnormal 

Now  if  inftead  of  the  Eilipfis  a  Circle  were  fubftituted,  by  proceedmg 
with  the  Equation  in  the  fame  Manner,  we  ihould  fiad  D  L  =:  r  —  ;r» 

making  r  to  be  the  Radius  of  the  Circle. 

• 

But  lee  us  return  back  to  the  Eilipfis,  another  of  whofe  Properties  tasj 
be  derived  from  hence,  as  was  done  in  the  Parabola. 
Make  BDs=/,  whence  AB  =  x—/.    Then  we  Audi  have  L  E  q  se 

(LB,  +  EBq=)i:L-I£f  4.!:riLiS^//+r*-.IiLL  - 
4         f  ff  f 

i  i      4      i 


1    ThntftakLEq— LF**//^I2i    Now  this  u  Tbeoe. 


r.r  *  *.    ThntftakLEq— T.Fa^Y/-^'// 
6.  Ub.  7.  Conic  A  h  Hire. 
Vol.  IV.  C  For 
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For  that  great  Geometrician  requires,  tbat  it  may  be  j  .  r ::  -1-—  x. 
la D,  whofe  Value  therefore  is^"^^^as  found  abore.    Therefore  it  is 

a  fourth  Proportional  to  the  three  Quantities  before  exhiUted.  j'This 
being  granted  to  him  he  evidently  demonftrates,  that  L  F  is  the  kaft  of 
all  the  Lines  that  can  be  drawn  from  the  Point  L  to  the  EUipfis.  More- 
over becaufe  it  is  a .  j  —  r  ;:/•/—  /^.    Therefore  the  Re6bmgle// 

—  ^///y/— ^/u  the  fameReflangle  which  D.delaSSre  calls  his  Spe- 

cimen.  But  this  Specimen,  (according  to  his  Definition)  is  a  Reftangle 
like  to  the  Rectangle  that  conftitutes  the  DiflFcrence  between  the  Square 
of  the  tranfverfe  Axis  and  the  Figure,  (that  is,  the  Re6tangle  qq  —  qr;) 
being  befides  apply  *d  to  the  right  Line  B  D  or/.  Now  that  the  Rectan- 
gle//   !lZf  has  all  thefe  Conditions  is  very  evident. 

It  may  be  obferved,  that  it  follows  from  the  Value  of  »  before  found, 
lhat»7^— .    For»  =  — -H^  — — .     Therefore  j»  + r  x  = 

2  2  ? 

1L_|_  tf  X.    But  becaufe  j  7"  r,  'tis  y  »  "7  r  x,  and  therefore  q-n  -jr 

IL,  and  »  T'  — • 
2  4 

When  the  Pdnt  F  (as  ^as  juft  now  obferved  in  the  Parabola)  falls 
upon  the  Vertex  Jy  the  Mnimum  is  determined  in  the  Axis  :  And  be- 
<iwfe  of  X  vanifliing,  we  fliall  have  »  =  4: »".  Then  afluming  any  Point 
D  between  ^  and  L,  if  A  D  is  equal  to  any  x,  by  Comparifon  there  arifes 

FLq~ALq  =  *x  —  r**»    And  this  is  Thcor.  3.  Lib.  7.  of  <fc  la 

Hire's  Conicks.    For  becaufe  itisy.j^r::*.x— ~,  itappears  that 

tiieRcaangle**--!!^  is  the  Exemplar,  but  apply'd  to  theAbfcifs 

tt.    And  therefore  this  is  the  adequate  Meafure  of  the  Defeft  of  the 

Square  of  the  Icaft  Liqc,  from  the  Square  of  any  other  right  Lme  drawn 

^  from. 


apply  d  to  Conic  SeSiions.  U 

frtHnthe  fame  Point  to  the  Curve.    And  this  is  what  he  demonftral^s  m' 
the  Place  above  ciiei  i 

Now  the  Theorems  belonging  to  the  lefler  or  conjugate  Axis  of  the 
Ellipfis,  (for  hitherto' we  have  infifted  on  the  greater  or  tranfverfe  Axis) 
are  determined  juft  :in  the  fame  Manner.    For  now  let  A  K»  or  half  the. 

lefler  Axis,  be — ,  R  the  Parameter  ^  and  the  Point  L  is  now  fuppoled  to 

be  placed  beyond  the  Centre,  on  the  other  Side  of  G  K.    By  working  aS^ 
before,  we  (hall  find  A  L  or  »  = 1-  x  —  — ,  and  the  Subnormal 

D L  =  ^——.    That  is,  r.  R  ::i  — X  .  —-^—  5  and  therefore,' 
c        2  2  2        c  <  -    . 

drawing  F  L,  it  will  be  the  greateil  of  all  the  Lines  that  can  de  drawn     , 
from  the  Pomt  L  to  the  Ellipfis  i  and  L  Fq  —  L  E  q  =5^—//— to 
the  Redangle,  which  is  the  Exemplar,  apply'd  to  B  D  or/    For  it  ap« 
pears  that  this  is  the  Exemplar,  for  it  is  c  .  R  —  c  llf.  — :i  —  /,    and 


diercfore,  according  to  the  Efefinition,— Z — /x/is  equal  to  the  Exem- 

2 

plar.  Now  this  is  Thcor.  7.  Lib.  7.  of  Je  la  Hirers  Conicks. 
Again,  when  the  Point  F  coincides  with  A,  becaufcof  x  vanilhing  with 

i> 
the  Ordinate  then  vanifbing,  there  is  left  n  = — ,  and  A  L  is  the  great- 

2 

eft  of  all  the  X-ines  that  can  be  drawn  from  the  Point  L  to  the  EDipfis, 

JL  X  X 

andALq  —  FLq  = — x ^  =  to  the  Exemplar  apply'd  to  A  D 

or  X.    And  the  fame  as  to  Theor.  4.  of  Lib.  pned.  Conicks. 
But  it  ought  to  be  obferved  at  the  foregoing  Cafe,  (which  fhould  have 

R  R  * 

been  mentioned  before),  when  we  found  n  zz—L+x^^ ,  thatu  '^ 

2  c 

H  R  ^ 

~.  For^»+Rx= h^^i  and becaufeR "7^1  therefore R^:^ 

2  2 

He  R 

cxj  and  there  will  be  left  r  » -^ — ,  or  »  '^  — . 

2  2 

Now  as  the  Matter  is  performed  in  the  Ellipfis,  fo  in  the  lame  Manner 
it  might  be  perform'd  m  the  Hyperbola,  and  the  leaft  Lines  may  alfo  be 

C  2  determined 
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dMerinSiied  in  this  Oeitvt.  But  ^k  is  &dh  a  CAiinefiion  between  thiA 
two  Curves,  and  the  Tranfition  from  one  to  the  other  is  fd  ^udy,  tlkt  tte 
Iiaboisr  maf  feem  iniiDeceflrary  eva  ip  Novices.  ThoK&re  nodiiftg 
nioce  remains  to  determine  thie  Subnormal)  than  that  the  Sign  -^  ma^ 

be  changed  into  4-,    For  fmce  in  the  Hyperbola  it  is  2^^=ri-f. 
,  and  »  =  — I-  X  4 5  (the  general  Equation)  there  remains  D  L 


'J      i' 

Let  it  be  conceived  fourthly,  that  the  Curve  MSN  (drawn  on  the 
other  Side  the  Figure)  is  one  of  the  Hyperboloids,  whof^^  Afymptotes  a^^. 
AX,  KiJ,  and  die  right  Line  S  R  an  Ordinate  to  the  Afymptote  KH  j 
make  S  R  =j^,  SP=:2r,  KR  =  x,  KP=:ir,  which  here  muft  needs  be 
lib  dUai  iCj  26  wiH  appesu*  on  Confideration.  The  Equation  proper  to  the 
Curve  is  jr  p  >r  q  55:  r  q  J  p,  inftead  of.which,  (becaufe  of  r  and  J  being  dcter- 
jAiiate^Quantities)  may  be  wrote  j  p  =  Af-q,  and  therefore 

y  as  'itf  mAland  2  yy  =—11-  x  x     ??     ^Hence  fmce  it  1$ 

af* i  ii:yj^  +  ^^  —  2  »  X -f- »  »,  for  an  Extream  we  have 

ajri^  2y¥-~2»^=^»  thatis,  — i£i4?~;iJ!jri^ 

a-2^x^2«/r and «  =  x -^ ^  ^     >^^     -^ 

P  P 

Therefore  the  Sufenorm^l  P  R  =  (;r  —  «  =)  li(~lL 


P  P 

,  I^ftjy^  let  w  conceive  the  Curve  A  F  G  to  be  a  primary  Cydoid,  and 
let  the  Radius  be  r,  the  Arch  c,  ^nd  the  Ordinate  of  the  generating  Circle 
t6hty^  Whojfr  Diameter  may  be  reprefented  by  A  K,  and  the  Center  po- 
fited  between  L  and  K.  Then  calling  F  D  the  Ordinate  of  the  Cycloid  a^ 
and  the  reft  as  beftfre,  the  Equation  of  the  Curve  is  ^  11  -r^yy  Lf-  2  f  j^  -+- 
r ir/teid therefore z zc=  (if 4  +  »»  — 2ii«f-l-xA;5=:  )yy -f- 2 cy^ € c 

^-«.#rfT?z*ii;^^-«^  andiEbdngdeterminMfor  an  Extream,  2j^jr  ' 

y 
ss  — .    Thenfubftituting  dide  Values,  and  duly  reducing  the  Equatloq^ 

iw**  hm  2  r--*4-'5;ifrzl*i4- ft  r  +  *i!lte  2  » -- a  ^,  and 

/  J 

therefore 


1 


.  ^ppiyd  to  Cmie  J^aSHonf.  15 

y 

The  incompaiaUc  Dr.  Bsrr^w  makes  ufe  of  the  Subtaneent  as  alrtadf 
known,  to  determine  the  Maximwrn  zndMmmMm.  And  Mr.  Newentiit^ 
in  his  AnalyGs  of  Infinites,  has  done  the  fame  after  him.  But  fince  the 
MtxiMw  and  ASnims  may  be  fbond  by  many  other  Methods,  in  which 
oodting  need  be  prefisj^pofed  about  the  Tangents  of  Curves,  it  is  plaiii 
dut  we  may  fafely  proceed  from  the  A£axima  and  Mmma^  to  inveftigate 
the  Mediod  of  Tangents* 

Or^L  J.]  In  going  orer  again  the  foregoing  Escamples,  at  will  appear 

fiwn  eadi,  that  2yy  —  2nx+2X)c  =  $^  by  putting  inftead  of » in  thU 
Equation  its  Value  derived  from  the  Nature  ot  the  Curve.  For  Exam- 
ple in  the  Hypeiboloids 

—2.  X       ^  — - —  —  a  AT  jr  — •  — ^-  XX     — - —     -4-  2  X  X  zz  e^ 
f  P  p  P 

which  appears  by  Infpe6Bon.  And  the  fame  will  appear  to  be  true  in 
odier  E^Kamples,  without  any  Demonftration. 

Cord.  2.]  From  the  Invention  of  the  Subnormals  we  may  cafily  deter* 
mine  the  greateft  and  lead  Ordinatcs  of  Curves.  In  which  Matter  I  fliaH 
idd,  if  the  Subnormal  belonging  to  any  Point  of  the  Curve  be  put  equal 
to  nothing,  we  (hall  have  the  Ordinate  of  that  Curve  determined  to  be 
an  Extream.  And  it  will  be  the  greateft,  if  it  is  on  the  concave  Side  of 
the  Curve,  but  the  leaft,  if  it  is  on  the  convex  Side.  For  Example  in 
the  Circle,  (making  the  Subnormal  =  /)  it  will  be  /  =  r  —  jr.  Let  r  — 
ys^,  then  r  =  x  and  jr=:r;  that  is,  the  greateft  Ordinate  is  equal  to 

the  Radius.     In  like  Manner  in  the  EUipfia  7=1—15 ;  \ttL  -TJL  _ 

2        f  2       q 

9j  then  rq^i^^rxy  or  x  zzi.     Therefore  yv  =i  ^ ,  equal  to  a  fourth 

2  4 

Ptot  of  die  F%uit  |s  they  o^  it,  or  the  Square  of  the  oonjvjg^tc  Semi-» 
1x1%  and  therefore  the  greateft  ;r  is  equal  to  that  Semiaxis.  And  the 
fame  Method  may  be  ofed  m  other  Curves.  Let  the  Subnormal  be  found 
from  the  given  Equation,  and  making  that  equal  to  nothing,  we  fhall 
liave  the  Ordinate  of  die  Curve  determined  to  a  Maximum  or  Minimum ; 
the  fi)rft  tomrards  the  concave  P^  of  the  Cur^,  and  the  othertowards 
the  convex  Part. 

POSTSCRIPT. 
Pirf^  icwill  be  eafy  by  this  Method  to  determine  the  Tangent,  by  ope* 
tttiDg  at  the  convex  Side  of  the  Curve>  as  before  on  the  concave  Side. 

For 
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For  let  AC  be  the  vertical  Tangent,  and^  C^ Point  in  it  taken  at  Plea" 
fure.  Make  A  C  =  »,  C  O  =  z,  (b^  ^hrch  Symbol  ifet  all  the  Lines  b^ 
denoted,  which  are  drawn  from  the  Point  C  to  the  convex  Curve  A  E  G.) 
Then  drawing  M  O  always  Mrpendicular  to  A  C,  it  will  be  C  M  r=  »  ^^y. 
And  fince  O  M  =  ^,  it  will  be  z  z  =  »  »  — *  2  ^y-^-yj  -^  *  ^  5  and  there- 
fore (for  an  extream  Value  oi  z)  zyy  J^,zxx  —  inyzzo.    In  which 

Equation,  if  2  a?  x  be  expounded  according  to  the  Nature  of  the  Curve, 
-we  fhall  have  the  Line  C  Z  determined,  'which  in  this  Place  performs  the 
Office  of  a  Subnormal.  This  is  too  clear  to  want  any  lUuftration  by 
Examples. 

Secondly^  As  in  the  foregoing  Method  we- have  found  the  Tangents  of 
Curves,  by  determining  to  Extreams  the  Lines  L  E  or  CO,  drawn  frorn 
a  given  Point  either  in  the  Axis  or  in  the  vertical  .Tangent ;  thus  by  con- 
fidering  the  Lines  Q  E,  &fr.  drawn  from  a  give^  Poirtt  in  the  Axis;  bc;- 
yond  the  Vertex,  the  fame  may  be  performed,  and  that  univerfally.  For 
all  the  Lines  Q  E  are  of  a  flowing  and  variable  Nature,  hut  the  Tangent 
QF  alone,  (fuppofing  Q F  to  touch  the  Curve)  is  conftant  and  deter- 
mined to  one  Value.  Therefore  in  this  Place  wc  Ihall  no!;..infift  on  the 
Hypothefis  of  an  Extream,  but  fhall  only  confider  it  as  a  permanent 
Quantity.  Let  two  Points  Q,  L,  be  affumed,  and  thence  to  the  fame 
Point  of  the  Curve  E  let. two  Lines  L  E,  QJE,  be  always  drawn.  The 
Angle  QE  L  between  the  Point  of  Contaft  F  and  the  Vertex,  will  al- 
ways be  obtufe,  but  on  the  other  Side  of  the  Point  F  it  will  be  acute  ; 
fuppofing,  as  faid  before,  that  QJF  touches  the  Curve,  and  F  L  is  at  right 
Angles  to  it.  JMake  QA=/^,  AL  =  »,  AB==:Af,  BE  =yy  and  Q  E 
;=  z.  AJfo  VE  =  v^  which  is  intercepted  between  the  Points  E  and  V, 
where  QJV  falls  perpendicularly  from  Qjjpon  L  E  produced.  Now  be- 
paufe  of  the  obtufe-angled  Triangle  QE,  we  fhall  have  this  "Equation, 

z  z;sxp  p  -+-  2pn  — yy  —  xx  +  %/  yy^nn — '2,n;(  ^xx%%v% 

or  inftead  of  4-  v^yy+nn  —  inx-^xx  writing/, 

it  will  htzzz^pp^  2pn — yy-^xx^  mx  —  2/v,  and  thence 

2zz=yy  —  2xx+2»x  —  2/v  —  ivf.  Now  if  2  is  a  conftant 
Quantity,  in  which  Cafe  Q  E  will  coincide  with  the  Tangent  Q  F,  it  wiU 

be  then  —  zyy  —  2  x-  x  -+-  2  » .v  =  ^,  the  Redtangle  2  /  v,  and  therefore 
its  Fluxion  intireiy  vanifhing.  But  this  is  the  very  general  Equation^ 
that  was  determined  by  the  foregoing  Method,  which  is  deduced  with 
die  fame  Eafe  from  the  Suppofition  of.  a  conftant  Quantity^  as  bef^i:^ 
lirom  die  Principle  of  an  extream  Quantity. 


IV;  Let 
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IV.  Let  -<f  be  the  Area  of  a  Curve,  whofe  Abfcifs  is  Xy  and  Ordinate  -fM^^^«/^ 

^^  dx — XX.     Let  B  be  the  Area  of  a  Curve,  whofe  Abfcifi  is  the  IGmL  •/ 

fame  asthefonner,but  its  Ordinate  is  x«—  v^'dx^^^xlc.  Let  •  dx—xx  A/r^Abr.  de 
=  y,  the  Area  will  be  Moivrc,  n. 

^  278./.  1113.' 

2m+i     2» — I    2i»  — 3    2m  —  5 

i-Bx X X X j(^C.=P 

2M  +  4      2m+2         2^  2MI— 2' 

I  — «      3 


«PI  +  2 


d  2«+I      --»     3 

X— -x  y= — R 


»+i       2»+4 

d^  2»+I       2» — I     *-3      3 

X  X : X  y  =  —  S 

m  2W  +  4      2^+2 

i^  2»+I      2W — I      2111  —  3    "-4     3 


m — I       2W  +  4      2«+2         2m 

Here  it  is  to  be  obferved,/^^,  that  »  is  fuppofed  to  be  an  integer  and 
affirmative  Number.  Secondly,  that  the  Quantity  d  •  5,  in  the  Series  de- 
noted by  P,  mull  be  multiply'd  into  fo  many  Terms  as  there  are  Units 
in  n.  Tbirdfyj  that  fo  many  of  the  following  Series,  denoted  by  —  ^ 
—  Rj  —  S,  tfr.  ought  to  be  taken,  as  there  as  Units  in  n.  Now  that 
diis  may  be  made  plain  by  an  Example  or  two,  I  fay,  that  if  »=  i  then 
die  Area  will  be  ' 

2 « +  I  I        ,"»-«     3 

Jzzd'Bx ,x        y.    And  if  »  =  2,  then 

2ffi+4         m  +  2 

2»4- 1 
A^d'Bx X 

2»  +  4 

d 

— ——  X 


im  —  2 

— 

m 

'X 

-1 

3 

2»  +  2 

y 

2W+  I 

X 

3 

• 

1H^  I  2^  +  4 

Rmhfy,  if  we  makejr  =  •TTZ:!^,  then  ^s^— ie  +  5— T^Gfr,; 
+  P.  -  ~ 


Corch 
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CeroL  i.]  Ifm  be.fgppolcd  equal  to  any  Term  of  this 


Series, ^  — ^  — ^  — ^  — ^  — ^  &c» 


the  Quadrature  of  the  Curve,  whole  Ordinate  is  x'p^  Jx — xxj  or 
x"  i/  dx-^xx  becomes  finite,  and  mit  be^chibiteci  by  our  Series.  To 
make  this  plain  by  an  Example,  letthrAm  of  tiieCur?ebef«qg^ 

whofe  Ordinate  is  x--i  \/  Jx — xx.  Suppofe  this  Curve  to  be  com- 
pared with  the  Curve  whofe  Ordinate  is  *— J  i/  dx — xx  ,  becaufe  in 
this  Cafe  ff  =  I,  therefore 

2  JW  +  I  I  ■-«       S 

Jzzzd'B^ X       J. 

But  m  =  —  4^  and  therefore  z  in  +  i  =  o.    So  that 

I  ""l     5  2jr5 

j4zz. X         y        —  — 


»+2  3i^*J 

Here  it  mull  be  obferved,  that  the  Area  thus  found  wiH  fometimes  be 
deficient  from  die  true  Area,  and  fbmetimes  exceed*  it  by  a  given  Quan- 
tity. Now  that  that  Excefs  or  Defed  may  become  known,  \^  the  Area 
thus  found  be  fuppos'd  to  be  increafed  or  diminifhed  by  ^  g|yen  Qwa- 
tity  ;,  and  then  putting  x-  =  o,  let  the  Area  thus  increafed  of  dimin^cd- 
be  made  equal  to  o.    Thus  in  the  prelent  Ca&  n.  wiU^h^  found 

sr — d^/  dj  and  therefore 
3 

3  i^  xi 

Corol  2.]  If  » is  fuppofed  equal  to  any^Term  of  the^fdllowiiig  Series 
3»  4t  5»  6,  7,  i^t.  the  Quadrature  of  the  Curve,  whafeOrd5ia»  is 

x'-'^i/  dx-^xxor  X'"  i/  dx^xxj  becomes  finite,  and  is  exhibited 
by  our  Series.    Let  the  Area  of  the  Curve  be  requii^,  whofe  Ordinate 

is  ar-3  i/  dx  —  XX.  Suppofe  it  to  be  cQmpa];£d  witl»  the.  Area  oF  the 
Circle,  which  may  be  called  A.  Then  »  =  o,  riz±  2,  and  therefore 
ji=  P  —  ^w R  —  S.  Butrfince  the^^antky  2  w  is  m:initely  httle  or 
nothing,  and  is  found  in  the  Denominator  of  the  drirthTermr  by  which 
d'  Bis  multiply'd  5  the  Quantity  denoted^by  P  becohies  infinity  and  for 
tbo  fiuneKealon  th^ Quantity  denoted  by^r-^  become ipfinifiPi. aoA 
therefore  the  Quantities  -^,  —  \^  — .  Kvahiffir,     TKcrcfore'F==f. 
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Now  this  Equation  diidded  by  — — — .  x  — —  beoomer 

2W+4  2«+2 

2M  —  3       dd      -J       S  2  41  —  3 

4frBx =  —  if       y     or^  j&x 

im  m  2 

szddif^ty  3,    And  writing  o  and  3  for  wand  »,  thcrcarifcs 
^5  x~— =s — ^ora  =  . 


2       *J  3^;r5 

Csr^/.  3.]  If  m  is  fupposM  equal  to  any  Term  of  the  following  Se- 
ries, —  2,  —  It  o,  I,  2t  3>  4»  ^^*  The  Quadrature  of  the  Curves 
whole  Ordinate  is  x«  •  dx  —  xx^  depends  on  the  Quadrature  of  the 
Circle.  But  the  Area  of  the  Curve,  whofe  Ordinate  is  x* •  dxJ^xx^ 
depends  on  the  Qutadracure  of  the  Hyperbola  %  and  the  Relation  of  that 
Curve  to  the  Circle  or  Hyperbola,  b  exhibited  by  our  Scries  in  finite 
Terms. 

Carol.  4.1  If  i»  is  expounded  by  any  other  Number  difierent  fiom 
any  before  affigncd,  the  Curve,  whofe  Ordinate  isx'i^ dx^^xx  or 
x^'V'  dx^xx^is  neither  craftly  fquared,  nor  depends  cm  the  Circle  or 
Hyperbola,  but  is  reduced  to  a  fimpler  Curve  by  our  Series. 

ft 

nearem  2.]    Let  ^  be  the  Area  of  a  Curve,  whofe  Abfeiis  is  x  and 

Ordinaic  JLl., ,    Let  J5  be  the  Area  of  a  Curve,  whole  Ahfcifi  is 

^  dx^^xx 

die  fame  as  the  former,  but  its  Ordinate  is     ^  *'"**,  Make  ^/XT — ^ 

^dx^xx    ^^^  »x^^xx 

=  7  Then 

2»— I      2M  — 3      tm^^s     zm'-^y 

jt=dBx X X x< ^c.^P, 

2m  2^  —  2     2111-— 4     2m^»6 


I 

AT  J^  =  — ^ 


2  m  — 1     «^» 


W —  I  2#l 

you  IV. 


^ 


m-^  z  zm  f  m-^z 

d^  zm'—i^'iffi*^^       zm  —  5    "-'-4 

X ^x ^x X       y:=z  —  f^^c. 


m — 3  zm         zm  —  2      zm  —  \ 

The  Obfervations  made  upon  the  firft  Theorem  obton  here  alfo,  and 
likewife  in  the  following.  _    • 

Corol.  I.]    If  w  is  fuppofed  equal  to  any  Term  of  the  following 

<:.  ':.  I      3f'    5^     '7     9      *  • 

SrfiSf^  ^,^  — i  -^i  ^i  ^^  ^c.  the  ^wdwkuife  rf^  Curve,  whofc 

Ohdinite  k  .iua^|iu.w.:-^-4=E^^  be^dimies  Mfee,  fijfd  id  exhibited  bv 

this  Series. 
•^fS^/;?;!  * fr  *#Tuiif(^  iqffif  ttf  kn^  Tirin  6f  tfit  foU^wing  Sc- 


^dx^xx 


ries,  tif^^i  Si4i  ftf^^'  7*  ^^-  werjr  Gur^,  vhoft  PifcKmite  is 

©^.^P^^Lsj^  is.%tti«d  in  finite  Terms  bjr  this  Series. 
vdx'+xx 

"■t6f\^.  ^.]    If  ^  S"  expounded  by  any  Term  of'  the  following  ^ries, 

^ITiJi S  4^  5» i¥.f  ^^  Curve whofe Ordinate i$ — .  ■■■,    ■  -     depends 
*  .  '    *       .        f  i^dx — XX 

on  the  Quadrature  of  the  Circle.    But  the  Curve  whofe  Orifitfefc  is 

Kg.  7.      — J^        dlpSRcff  &i  tl*  QuiSa^tur<?  oTtfie  ^yp^rbola*.    For  if  Ccn- 

tcr  C,  and  Diameter  ABzzzdyZ  Circle  JE  B  is  defcrib'd,  and  yf  D  =  y 
is  taken  ;  raife  the  Perpedicular  D  £,  and  jpitf  C  E.  The  S^ftor -rf  E  C 
divided  by  4  dd  is  equal  to  the  Area  of  the  Curve  whofS^  Ordinate  is 

.    After  the  iatne  Manner  if  Center  C,  and  tranfverfe  Axis 


*«•  ?:      ^dx-^ 


XX 


'^^si^aaequilattialHyperlToUi^^isdefciibedk.let  there  be  taken 


1 


I 


AT>  =  ;r,  let  7)  £  lie  r»fe<}  at  ri^  A^es,  9s^ACE  be  ioin?^.  - .  T|ie 
Scaor  ACE  divided  by  \  dd  Is  £qual  to  Hic  A'rea  oir  the  Curve  wtoTc 

-  .  •  m.  f 

Ordinate  is ~ 

Gor9l.  4.]    If  i»  be  fiippofed  equal  to  any  other  Number  not  widrin 
Ae  foregoing  Limitations,  xhp  Curve  whofe  Ordinate  is 


X' 


:^>  .cm  Qsltiaer  t»  canftiy  fq\mt4»  oar  im  it  depi^id  job  the 


Qfde  or  Hyperix>ta,  bat  however  is  reduced  to  a  fimpler  Cujye. 

Tbeor.  3.3    Let  ^  be  the  Area  .^  a  Curve  yhofe  Abfcifs  is  jt,  and  Or- 
dinate *-  •  r  r  —  *  Af .    Let  J?  be'  the  y^re^  of  ^  Curve  whofe  Abfdfi  is 

die  lame  x,  and  Ordinate  *"-*■  i/Tr^^^^T*  :  make  ^  rr  —  xx  =: jr. 
Then 

-«  =  r»»  JJ  X X X '-  X ,  tSe.  s  P 

•  +  a         •  »  —  a      m  —,4.. 


«»+  2 


m  —  t    »-f    ( 

X  X       y=i  —R    . 

«  +  2 

•X x-   V  jf       y  ap  — ^^6?^... 


» —  2      «  +  2  » 

.^rat  I.]  If  w  is  ptpoundfid  hjcany  Tffm«f  «he  gaaw  »,  3,  5,  7, 
(;?c.  the  Qnadrature of  ^e Curve  whofe Ordinafle  is  x^i^rr^xx,  or 
*-  •  r  r  +■  ;)f  ;f,  becomes  fii^te,  and  y  ^ej^bited  by  this  Theoren). 

euak  2.]  If » is  interjM-eted  by  any  Term  of  the  following  Series, 
*»  3«  AyJzJiJ^i'  tfi^  jCi^p  whofe  ,9ij4i|}^p  is  * -«•  •  r f  —  ;r  ;»i  or 
*--*"•  rf+xAf,  is  fquared  exadly  by  diis  The^upja, 

— 2,  o,  4,  &,  8,  tjTf.  the  Quadrature  of  lie  Curve  whofe  Ordinate  is 

D  2  X" 
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jr^^rr  —  ^tfjr,  depends  on  the  Circle;  and  the  Quadrature  of  the  Curve 
vhofe  Ordinate  is  9^^  rr^  xx^  depends  on  the  Hyperbola. 

CoroL  4.]    If  M  is  interpreted  by  any  Number  differing  from  thofe 
^ore-mentionM,  the  Curve  whofe  Ordinate  is  x^i/  rr  —  x  x^  or 

^  4/  r  r  +  ;r  X,  is  neither  exadly  fquared^  nor  depends  on  the  Circle  or 
Hyperbola^  but  is  reduced  to  a  fimpler  Curve. 

TlfttftfT.  4.]    Let  <^  be  the  jirta  of  a  Curve  whofe  Abfcifi  v^x^  its  Or- 
dinate —  ^"     .  and  let  £  be  the  Area  d'a  Curve  whofe  Abfcifs  alf»* 

is  y»  and  its  Ordinate    f^lZJL*    Thea 

m-^i      in—-}      »  — 5      m  —  7 

A^r^'^B  X X X X y^c.xsiB 

M  «— 2     «  — 4      m  — 6 


I 


•t 


X  J    =  — 


m 


X X        jra— -i? 


z 


■    ■  ■  ■  X  X  ^        jrss— J 

11—4.        »  10  —  2 


r*  »— -1      »  —  3,      «i  —  5     "-7 


X  —  X X *       >  =  —  r,  Gfr. 

»  — 6         «r  »— z      m — 4 

Cipr^r.  1.]    If  w  be  expounded  by  any  Term  of  the  following  Series^ 
i»  i>  5)  7>  9»&c*  die  Quadrature  of  the .  Curve,  whofe  Ordioato  is 


^ 


;>  or  is  had  by  this  Theorem  in  finite  Terms. 


"1 


Gr^2j   ff 0 is ex{^lMUided bf  asy  Tenn  in  the  following  Series,: 


f 


A  Method  of  Squaring  form  Kinds  of  Curves,  «  « 


I9  2t  3,  4»  5vG?^. the  CuiTC  vhofe  Ordmate is — =.  or.  — ^ 

hpaft&tf  iquared  by  this  Theorein* 

Cfffv/.  3.}    If  w  is  expounded  by  any  Term  in  the  following  Series, 
o,  2»  4,  6,  8)  &r.  the  Quadrature  of  the  Curve  whofe  Ordinate  is 

depends  on  the  Quadrature  of  the  Circle.    For  if  Center  C, 


fT'-^XX 


Radius 
toCR 


C  A=  r,  a  Circle  A  EG  is  defcribed,  make  2)  E  perpendicular 
;  and  join  C£  ^  the  Seftor  CJE  divided  by  4.  rr  is  equal  to  the 

X  * 
Area  of  a  Curve  whofe  Ordinate  is  — -> ht  the  fame  Manner  if 

C  be  the  Center,  C  -rf  =  r  the  tianfverfe  Semiaxis  of  an  equilateral  Hy* 
perbola  EJM^  draw  CF  =  x  perpendicular  to  A  C,  draw  F E  parallel 
to  the  Axis  till  it  meets  the  Hyperbola  in  £,  and  join  C  E.  The  Hyper* 
bdical Sedor  JC E  divided  fcrf  4  r r  is  equal  to  the  Area  of  a  Curve 

X  * 
whofe  Ordinate  is 

^rr-f-*« 
Orot.  4.J    If  «i  is  expounded  by  any  Number  different  from  the 

ibiegoixig,  the  Curve  whofe  Ordinate  is — -^        y  or  — -'^        ^  is  nci- 

^rr — XX         ^rr^xx 

ther  iquaied  cxaftly,  nor  does  it  depend  oathe  Circle  or  Hyperbola,  but 
is  reduced  to  a  fimpler  Curve. 

Thwr.  5.]    Let  ^  be  the  Area  of  a  Curve  whofe  Abfcifs  is  Xj  ix%  Or- 
dinate ^ —  %  and  let  £  be  the  Area  of  a  Curve  whole  Abfcifs  is  aUa> 


d^>  and  ^  Ordinate ., Then  the  Area  will  be 

Let  the  Ordinate  be -^i^s  the  Area  will  be 


^=^ 


i^r^r rr—n — +-- »^^*    ±d'S. 

m  m  —  I        »  — 2 

Gmll    If ;»  U  expounded  by  W  Term  of  tlv  fQlloYing  S«ies,  ' 
c»  I9  2»  3*  4»  5'  &^*  ^c  Qgddjr^ture  of  the  Curvi^  ^Vihofe  pr4um;^ 

is  -.^  ,  or  ^^^ — ,  depends  on  ths  QgadratuDe  of  the  Hyperbola. 

pig.  9.  For  drawing  £)£ and  £F Sit  tj||bt  A^^  ^^  ^^Jt=^>  ^P^Git 
gerp^ndicular  and  equ^l  to  £  G.  Wit^  ,tbc  4iyrnpt9tjbs  pEyiF^  Ig| 
an  Hyperbola  be  defcribM,  palling  through  /?,  then  take  GKzizx  to- 
wards E  in  the  firft  C^  9nd  towarde:  F  jf).  f^e  fecood,  ^d  drf^r  the 
Ordinate  iCL.     The  Area  HGKl^  divided  by  d  dj  is  equal  to  the 

Area  of  the  Curve  whole  Qrdmate  i$  -5 qr  -; •    Hence  tijc  So-' 

l;d  generated  by  a  Portion  of  the  Cj^bid^  rcyolying  aboijt  Ijjl^e  lyis^etpj 
of  Its  generating  Circle,  is  exhibited  in  rinite  Terinsi'  the  Quadrature 
of  the  Hyperbola  being  granted. 

TbeoTi  6.1    Let  yt  be  the  Area  of  a  Curve  whofc  Abfcils  is  x^  its 

Ordinate  — ^ 5  let  £  he  the  Area  of  a  Curve  whofe  Abfcifs  alfo  is 

rr^xx  ,   .    .    .  ^     e.       . 

X.  and  its  Ordinate  — The  Area  will  be 

^  ,  -  rr-+-  :dx  ^       ^- 

w —  I  m  —  3  »  — »  5 

G^f  ^/.]    If  m  be  expounded  by  any  Term  of  the  following  Series, 
Of  2,  49  6,  8,  6f^.  the  Quadrature  of  ^e  €unre  wh^^e  Ordiiuute  is 

depends  on  the  Rcftification  of  the  circular  Arch.    For  if 

rr^  X  X 

CeaterC,K2idi\JisCB^t^Ci3K!LtAEGbcdskt^ 
JK  =  Xy  join  CK  meeting  |he  Beriphery  in  £.    Thea  the  Arch  JE 
,  divided  by  r  r  is  equal  to  the  Area  of  the  Curve  whofc  Ordinate  is 

TTJ^XX 


AMiikSofSiiiamgfo^i  Kifidi  of  Curnki   _  i{ 

AGmff^iti  GuMkify  «  thefi  Six  Thiorefhi. 

Mf  ^fecJftWfcil  Cw^tj  irhde  C?uadrature  depends  upon  ^nf  of  the 
iilEffiteKdiMi^  6f  tttfvds,  tHt  Ordiiu^te  ^  Whidi  cafi  acquife  any  6f 
thefbild^t^FdrtinH,. 

■     .  •"  ip« j^« 

\,  'y  — -— — r-,  may  tc  Squared  by  thefe  Series.  We  fliall  few 
d^x     rr^xx 

this.by  one  £xanipk. 

.  &ip|K>fiog  tfiat  tKe  Cub6  of  the  circular  ArcK  correfpondins  to 
the  verfedSne^  be  mide  the  Ordinate  of  a  Curve,  whofe  Abfcifs  is 
the  ^e  verfed  Sine  *,  to  find  the  Area  of  that  Curve. 

Ult^  A^ft^htXs  tHe  circular  Arch^t; ;  then  the  Fluxion  6f  tht 

.  htt  d»  AiQi be  V' X  — >    Then  v^x+^v^vx—^q^v^x^ 
yfhtnct  q  =i  J>*  V  x.iMV  =5 JL — ,  and  therefore  q  =     .jdv^jcjc^^^ 

•fterefore  i*e  are  iowe  to  Ahi  that  We  muft  find  the  flowing  Quan- 
tity of  4  </v  *y. 

Let  iMs  Quantity  be  4 '*' V  — '••• 
l^sK£oKidv*y-\-zd'ovy—'rzsiidv*y. 

i\xt<ioT(i\d *  vx  =-ji*  V  jf  +  4.  i»  X  «  ■—  i. 

Sothati's=i/*<^i^=g  if*/''.:sWv'--kd'}i 

1^  die  fecond  iffaeoiem. 

TIbfefiMe  J=r-J:i*  «— .|-i»y.    S6  tteif  tJie  Area  feq^rtd'iS  v » y  — ^ 


S4  -^  Method  of  Squaring  fome  Kinds  of  Ctamu 

Now  becaufe  Solids  generated  by  the  Rotation  of  Curves,  Superfides 
produced  by  the  fame  Rotation,  the  Reftificadon  of  Curves,  and  die 
Centers  of  Gravity  of  all  theie,  depend  upon  the  Qiiadfature  of  Curves  \ 
thefe  will  be  eafUy  computed  if  they  depend  upon  any  of  thefe  Curves. 

After  I  had  put  thefe  Theorems  into  Form,  and  had  &ew*d  diem  to 
the  great  Newton^  as  the  iupreme  Arbiter  of  thefe  Matters  \  he  was 
pleasM  to  produce  to  me  his  own  Manufcripts,  by  which  it  appeared, 
that  he  had  long  been  in  Poflefiion  of  a  Method,  by  which,  when  any 
Trinomial  Equation  was  given,  exprefliog  the  Nature  of  a  Curve,  he 
could  either  iquare  the  fame,  or  reduce  it  to  fome  funpler  Curve. 

I  queftion  not  but  thofe  learned  Men,  whofe  Writings  in  the  Jour- 
nals of  Letpfick  and  elfewhere,  have  much  contributed  to  the  Improve- 
ment of  the  Mathematical  Sciences  s  thofe  Men  (I  fay)  have  Methods 
«kin  to  thefe,  and  therefore  I  aflume  nothing  to  myfelf,  but  that  I  have 
Found  thefe  Theorems,  not  knowing  whether  they  may  already  be  ex- 
tant i  and  that  I  have  reducM  them  to  fo  eafy  a  Form,  that  all  the  Cal- 
culation required  is  performed  as  it  were  by  Intuition.    Before  I  finifli 
writing  this,  I  think  it  may  not  be  amifs,  if  I  fubjoin  upon  this  Ocqt-- 
fion  a  few  Words  in  Anfwer  to  the  Animadverfions  of  the  learned 
^Offin^MgAiMr.  Leibnitz^  upon  a  certain  Series  publifh*d  *  by  me,  for  finding  the 
^^^•^""/^'Root  of  an  infinite  Equation.    That  famous  Man  is  rf  Opinioii,  that 
'^n.  ^f    ^^  Series  is  not  fufikiently  general,  as  not  reaching  the  Cafes  in  which 
fttp.  Vol.  I.    the  Quantities  z  and  y  are  multiplyM  into  one  another ;  and  therefore 
C.I.  5. xxii. he  fubftitutes  another  Series  for  mine,  which  he  afferts  to  be  infinite- 
ly more  general  than  mine.    Now  I  imagine  he  was  led  into  this  fmall 
Miftake,  becaufe  he  took  the  Quantities  j,  ^,  ^,  J,  &fir«  for*given  Quan- 
,    titles,  whereas  they  may  be  made  Ufe  of  as  given  or  as  indeternf^inate 
Quantities  at  Pleafure.     Let  me  produce  one  Example,  by  which  it 
will  appear^  that  our  Series  includes  all  Cafes  whatever.    Let  the  Eqyar 
tioo  htny  z  —  z'  3= J''-     In  our  Theorem  make  a^ny^bz^o^czsi 
—  I*  ^  sc  o,  i  =  ^,  i  =  I.    Or  which  is  better,  make jf =^jf,  ^  sr  ^^ 

i  =  o.     IneitherCafeitwillbe2;  =  ^+  il  +  3JLl+'~^-''" 
fcfr. 


1 


n^^  ' 


Vhi  9uairm-  V.  I  havc  lookcd  a  little  farther  mtp  that  Curve  whfch  fell  lately  un- 
OwT //j^  der  my  Confideration.  It  is  not  the  FoUatt  as  I  did  atfirft  imagine,  but 
ibir/ordirl  ^  believe  it  ought  not  to  make  a  Species  diftinft  from  it.  A EB  is  the 
commonica-  Curve  I  thus  defcribe.  Let  A  B  and  B  Khc  perpendicular  to  each 
ted^Jlfr.Ab.other.  From  the  Point  A  draw  A  R  cutting  5  X in  12,  and  make. 
ui^p'TzQ'^  £  =  5  U,  the  Point  E  belongs  to  the  Curve.  Draw  B  C  making  an 
M5-  P-  3  9-  ^gjg  Qf  ^^  g^aj^  ^iijj  J  2^  ^js  Line  B  C  touches  the  Curve  in  B  -,  from 
the  Poipt  E  draw  JED  perpendicular  to  BCy  and  c^ing  BD^x  i  DE9 
Fig.  xo.  j^}  AB^ai  tfidmakingy  iaa^fh  the  Equation  belonging  to  that 

Curves 


^Mfdraturt  of  a  Curoe  af  the  third  Order.  25 

Curvc,isx^  +  *ifj-f.Afjjf4.jp'=is»*jrorL^C=iix^.      Taking 

BG^AB^  «id drawing G P peq)endicular  to 5G,  PG  is  an  JJytMp^ 
Me.  In  die  FoUmH  die  Equation  is  *'  -f-j  »  =411^^,  in  which  die 
two  Tenns  xxy^  xjy  of  die  former  Equation  are  wanting ;  and  its 
JfymptcU  is  diftaot  from  BhfrB/f.  Again,  dnnr  E  F  perpoidicular 
to  AB:  IctBFhc  called  z  and  F£,  t;  ^  the  Equation  bdonging  10 

the  Curve  AEB  is  x^  v  =  ^^^      ?  .^    ii^  ^]^  Foliate  the  Equation 


\svv^  — From thefe two laft Equations,  ir fccms that thefc 

Curves  differ  no  more  from  one  another  than  the  Circle  from  thc£/!B^. 

The  Quadrature  of  the  Curve  here  dcfcribcd  has  fomething  of  Sim- 
^idty,  widi  which  I  was  well  pleafed.  With  the  Radius  B  A  and  Cta« 
ttr  B  ddcribe  a  Cmrle  AKG^  let  the  Square  HP  ST  circumfcwbe  jt^ 
fo  AatHP  be  parallel  to  yfG;  prolong  FE  till  it  meet  the  Circum- 
ference of  die  Circle  in  Af,  and  through  M  draw  L  Af  ^parallel  to  MP. 
The  Area  B  FE  is  equal  to  the  Area  K  HL  M^  comprehended  by  KH^ 
HLf  LM^nd  the  Arc  K  M.  And  the  Area  Bfi  is  equal  to  the  Area 
KmLHorKMP^  Therefore  if  5  f  and  2?/ arc  equal,  the  two 
Areas  B  FE,  Bfe  taken  together  are  equal  to  the  Re£bngie  H^  and 
therefore  the  whole  Space  comprehended  by  B  EAXB  eTG  Z{  fup- 
pofiag  2*afid  Z  to  be  at  an  infinite  Diftance)  is  equal  to  the  circuoafcrib\l 
Square  HS. 

N.  B.  This  ^uaJrature  is  eafily'dmonfirated  frcm  the  Equation :  for  hy 
i/a+r:  a  — zlizz  :  v  v, /i&j/ /j,  AF:  EFi:  MF  :  FB,  ^wiyif  F 
tbi  Fluxion  ^/ A  F  /(?  L 1  the  Fluxion  ofM  F.  Hince  the  Areola  EF 
f  e  will  he  always  equal  to  the  Areola  M  L 1  f*,  and  therefore  the  Area 
A  E  F  always  equal  to  the  Area  M  A  L. 

Hence  it  appears  that  this  Curve  requires  the  Quadrature  of  the  Circle  to 
fquare  it ;  whereas  the  Foliate  is  exafffy  quadrahloj  the  whole  Leaf  thereof 
ieifig  hut  one  Third  of  the  Square  ofABy  which  in  this  is  above  three  Sevenths 
of  the  fame,  y^ain  in  our  Curve j  the  greatefi  Breadth  is  when  the  Point  F 
JSvides  the  line  A  B  in  extreme  and  mean  Proportion :  Whereas  in  the 
Foliate  //  is  when  A  Bis  triple  in  Power  to  B  F.  And  the  greati/t  £  F 
or  Ordinate  in  the  Foliate,  is  to  that  of  our  Curve  nearly  as  3  to  ^or  ex- 

oBh,  as  i/^i^T— 4to  i/5^T  — 5t. 

Butfiill  thefe  Differences  are  not  enough  to  make  them  two  difiinSl  Spe* 
des,  tbty  heit^  both  defined  ty  a  like  EquatioUj  if  the  Afvmptote  S  G  P  ^^ 
token  for  the  Diameter.     And  they  are  loth  comprebendea  under  the  fortieth 

y©L.  IV.  E  Kind 


z6  ^Specimen  of  a  GtnerBl Mttboi  t9 

Kind  of  the  Curves  of  the  third  Order,  as  tbeyftani  enumerated  hy  Sir 
I^uc  Newton,  /H  bis  incomparable  Treatife  on  tbat  Sulye9. 

AgmrdUt'     VI.  I  001  not  a  little  pleased,  that  the  Method  which  )  uffc  fdr  detEr<- 

thod  to  ieier-  mining  tbc  Quadrature  of  Curvilinear  Figures,  is  r6  well  approved  of 

t^vc^^t^^  D.D.  liibmt%  and  Cbeyney  j  fo  that  the  firft  ackn<*rtedges,  it  is  llOtr 

^^^Jf^^jjlf^'unfikc  the  Method  feund  by  Wmfelf,  and  the  other  conj^ftisres  it  has 

J.  Craig,  n.  fofii^  Affinity,  with  the  Methods  of  Mr.  Newton.    He  hmifelf  has^pur-^ 

284.  p.  1346.  fued  the  fame  with  fuch  Succefs,  that  the  iaverfe  Me^od  of  Fluxions 

bib-becii  vaftly  improved  by  him  b  a  Book,  which  he  has  dedicated  to 

D.  Arcbibald  Pitcainty  the  Ornament  of  our  Age  and  Country.    But 

ipan|r  neceflary  Things  yet  remain  to  be  difcover^d,  for  the  Peifeftion  of 

this  ihverfe  Method.     I  (hall  now  deliver  fome  Reafons  4fi  (hort,  which 

give  Hie  P^calion  to  dunk,  that  what  remains  cannot,  be  obtained  by 

any  Methods  yet  in  Ufe. 

Avfi  firft,  when  from  the  given  Relation  between  z^iidy^  th^Flufnt 
of  ;»>  ifl  rcquired,  all  thofe  Methods  demand,  that  z  may  be  C3cprefs*4 
hyy  dnd  given  C^antities  ;  which  yet  cannot  be  done,  when  the  £qua-* 
tion  iw'diving  that  Relation,  afcends  beyond  a  Cubic  or  BiquadrsMic* 
Fer  hett  the  vulgar  Algebra  ftops^  to  the  great  R^oach  of  thatSeieoce* 
SjeCQndly,  tho'  a  general  Rule  were  known  for  finding  the  Roots  ^f  ^ 
Bquations  of  any  Degree,  yet  it  would  be  wholly  ufelete  oi  this  inv^rfe 
M^od*  For  the  Root  z  would  be  involved  in  fo  matiy  complicated 
SUids,  thaGt  by  no  Art  hitherto  known  we  could  return  from  theFh^OA  10* 
thoFli^cAt.  For  thefe  Reaftms  I  have  attempted  the  Thing  another 
W^*  aod  widi  fame  Suocefs  ;  a  Specimen  of  which  i  fhall  now  irofwt 
to  the  Publick. 

Se&ion  I  •}    Let  die  Equation  exprefling  the  Relation  between  cfae.Or- 
dinate  2  and  the  Abfcifs^,  be  z  *  -f-  ay  z=ibz  ''^s  in  which  the  Ex* 
pO;Mnts  M,  %  f,  r,  denote  any  Numbecs,  integer  or  framed,  afiinuitfiil^ . 
ornegaeiveu    Midter«^«=sr.    It  will  be 

m 

m+n 

mc  +  ne  b    e+i    f  +  i 

"'    •    ■  ■  ■■  ■         X  —  2:         y 

«x»*H*«^^+  i+»x»i  +  ;rxf+' 


def^fmht  the  Quddratures  ^  Figures.  iy 


«X5^-|-  i+»x3e+ J 


mx  4^  +  1  «f  «X4^  4-  I 


|»K5C4-  I  +»x5r+  I 

CoDCeming  this  Series  the  following  Thibg^  are  to  be  obferved* 
(i)  The  Capteds  B^  Q  A  Csfr.  denote  the  Coefficteots  of  the  Terms  that 
immediacely  precede,  (i)  It  exhilnts  the  Quadratures  of  all  quadrable 
Figures,  whofe  Curves  are  defined  by  an  Equation  of  three  Terms. 

(j)  Now  they  are  always  qujulrable  when — — ^^^ is  an  u\!tegp: 

aod-afllmiative  Number^  which  we  xna^  call  /.     (4)  Particularly  /+  | 
gives  the  Number  of  Terms  of  the  Series^  to  be  taken  from  the  Begii^ 
ning,  that  conftitute  the  required  Area.     (5)  If  we  fuppofe  ^  =  p,  thi^ 
Scries  will  be  changed  into  the  famous  Th^rem  <k  NtwtoH  for  the 
common  Binomial,  which  Theorem  is  therefore  ^  ^ificular  (^  itf  this 
Series.     (6)  When  Application  is  made  of  chit  Series  to  any  pardcular 
Figure,  theie  Rules  are  to  be  obferved.    Fir^^  let  the  Equation  defining 
the  ^vcn  Curw  btt  n^duceni  to  tb«  genernl  i^rm,  fasnA  by  (Comparing 
the ptmoolaf  Eqwtfon  with  thegenend^  let  die Cocllideht»  ^  and  ^  oe 
fgmd, » idf^  thc£aqptonenti  ai*  tii  e,  r.    ^StettuHjf^  if  the  Expi^nents  thus 
ddeimiiied  «)q  jift  m^  /aosBtegeir  affirmathre  Number,  (ac^sording  to 
ibt  Condition  enjoin'd  in  Not.  3.)  then  anodier  t'arm  of  the  particular 
Equation  is  to  be  freed  from  the  Quantity  z^  and  if  the  Exponents  again 
determined  do  not  give  the  Condition  of  Quadrability  fequired,  then 
the  other  Term  b  to  be  freed  from  the  Quantity  t.    For  every  one  of 
the  three  Terms,  conftitutmg  the  given  Equation,  cannot  by  any  Means 
be  freed  bom  ^  Quantity  z.    Tbirdtj^  it  the  s^orefaid  Condidon  of 
Qu^xability  does  not  belong  tojhe  Elation,  wbop  manage^  ^cpording 
to  die  foregoing  Rule;  then  by  the  Series  die  Comftonent  of  the  Area, 

£  2  or 


2B  A  Speciffim  of  a  General  Method  u 

orFluentofjra^  imiftbefoaglK;  wUdtbdngfooiid,  die  Aiex  required 

will  become  knowiL  Forit  is  wdl  known,  that  xy  —  flu  zjx  =  flu :  zjr. 
And  that  die  Qxnplemcnt  may  be  obtained  by  die  Series  without  any 
Confufion,  in  the  giiren  Equation  defining  the  pardcular  Curve»  for  z 
we  may  write  Tj  and  for  jr  may  be  written  Z.  And  this  Change  being 
imde  of  die  Ordinate  into  the  Abfcifs,  and  of  the  AUdls  into  the  Ordi- 
iiate»  dse  Equation  may  be  managed  according  to  the  Pkecepts  of  the 
iecond  Rule,  till  the  Condition  of  Quadrability  b  known,  or  till  it  ap- 
pears diat  no  iuch  Condition  can  be  had* 

ExampU  i.]  Let  %  '  ^y  ^i=.bzy.  Here  becaule  »=  g,  «  =r  3^ 
r  =  I,  r  :=  I9  tf  =  It  therefore  /=  i,  and  /-f-  1  =  2.  Then  according 
to  NoL  4.  die  two  fiirft  Terms  of  the  Series  ^ve  the  Area  =  ^  z  jt  —  7 
*«*/-»  • 

Example  2.)  Let  z  ^  -(-  « jr  *  =  *  zjr '.  Then  ai  =  7,  «  =  3,  r  =  i,. 
r  =  2i  which  make /  =  2.  Therefore  by  Not  4.  the  three  firft  Terms  o£ 
the  Series  ^ve  the 

7  *  2i* 

Afeas=*— z;r —  g*  —  z^  y  -». 

lo  15^  15  a* 

Example  ^I]  Lctz'  +  ijr*  ^bz-^y^^.  Here»i  =  r,  »=  5,  #:s2» 
r  s  1 1  ;  but  becaufe  thefe  do  not  make  /  an  integer  affirmative  Num- 
ber ;  therefore  by  the  fecond  Rule  I  free  the  Term  i>  z  -»  jr  "  from  die 
Quantity  z.  Then  the  Equation  becomes  z' — i&jf"=r —  *z*>*» 
where tf  =:•— i&,  *  =  —  k^m=.  5,  «=  11  r=  2»  r^e i  whidimake 
/=!  ;  whence  the 


Example  4.]  Let  z*  —  hy^  23;  —  *  z*  y*.  Here  an  =  2,  ires  2y 
e  =  2,  r  :^  2  ^  which,  do  not  make  /  an  integer  affirmative  Number. 
Therdfore  I  free  the  Term  —  *z*  jit*  from  the  Quantity  z»  and  then- 

which  make  /  =  i.    Theiefore  the 

b 
Anea^s:  — z-'jp, 
ife 
•» 


determine  the  Quadratures  0/*  Figura.  29 

#s:  29  r=  4  ;  which  do  not  make  /  an  integer  affirmative  Number. 
And  the  fame  Thing  happens  when  each  of  tlw  other  Terms  is  freed 
from  z.  Therefore^  accwdins  to  the  diird  Rule,  I  feek  the  Comple- 
ment. Then,  as  before  pttiaib*dt  making  %  =  T^  and  jf  s  Zt  the 
given  Equation  becomes 

h  h 

which  by  Rule  i,  reduced  to  the  general  Form  will  ftaod  thus, 

^       7P    ^    ~       4i  Here*  =  6»»  =  2,^  =  4^ 

r = 2  i  which  do  not  make  /  an  int^r  affinn^ve  Number.  There- 
fore by  Ruk  2,  I  free  the  laft  Term  from  Z  j  then 


f  =  2  J  whence/=  i,  #  =  — -L,  h  =  -A^  j    whence  the  Com- 
plement  of  the  Area  required  is 

i   ^  ^  ""Ti    ^^^    ^,*''-^^-^— —  ^J'-^'    Andtherefor* 
theAi«aieq<iijedi«fXK:z^sr  ^274.—  2  y-j . 

Seai9mt.1    Lcta    ^ay    sOz     y  ^fz    y        beanE 

quacran,  acpteffing  the  Rdadon  between  the  Ordinate  2  and  the  Abfcifi 
y    Xhe  Area  will  be 

Azy^Bz        y         +Cz  y  + 

Makinghere  »r+»sBr,  <•+»=:,,  it  wiU  be    jf-    *      ^ 

— iz '^ 
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C  SS  I  >■■■■■■!     mm  II  I    w    in »   I, 


iwtfx^f+i+ii»x2ir-f  I 


m — 2exc+  i+rx^+  ixiB  +  m — ex2c+  i  +^x2f  +  ix/C 

2)  r= ^.     *  .  , 


«tax3f+  x  +  «<*x3^+  I 


»— 2^x2^  +  I  +  nc2^  +  ixbC  +  m — ^^jc  +  i  +  «  3^  +  i  x/P 


»ftfX4r-f  I  +;>tfX4tf+  I 


m — 2^X3^4- 1  +rx  3^+1  xhD-^-m — ex4C+i  +JX4e+i  x/F 

jPS5  «— ^^^  ■  ■■     ^  ■  I      I     I    II      1^       I      I         Uri    I      II      ^ 


maxsc^i-Ynax^s  +  i 

Concernu^  this  Series,  the  Progrefiion  of  which  niay  almofl:  be  per- 
cctved  by  Impedkion,  the  following  Things  are  to  be  ohterved.  (i)  That 
thofc  Figures  are  quadrable,  whofe  Curves  are  defined  by  the  foregoing 
Equation,  when  the.&aqpoiienls  m^n^Cytj  .and  the  Coefficients  a,  ^,  /, 


have  the  Relations  here  afligned  (  that  is,  -when  .M  T    ,  ^    "  ■ : —  is  ap 

integer  and  affirmative  Number,  winch  we  may  call  / :  And  /being 
greater  than  2,  when  the  Relation  of  the  Coefficients «is.j^  fiailows. 


»-— 2^x/r —  c  +  i  +  rx/tf  — e+i        ^U   . 

e  —  »  X  /  ^  +  J  —  ^  x  /  ^  +  I 

id  — 


determine  the  Quadratures  of  Figures,  gt 


=z — z=r -T* 


«x/r  +  i  +  ^x/^+i 


M  —  exlc  —  r  +  I  4-rx//  — #+  I      fU 


»  X  /^  +  I  +  »  xle  +  I 

Here  17  and  P  denote  the  Coefficients  of  two  Terms,  which  immedi- 
ttel^  precede  the  kit  Term  of  the  Area  required,  lliat  is,  U  is  the 
Coefficient  of  the  Term  next  to  the  laft,  and  P  is  the  Coefficient  of  the 

Term  remote  from  the  hit.    AsifFx  jr  were  the  laft 

Term  of  the  Area  required^  then  U  would  denote  £,  and  P  would  de- 
note D.  (2)  That  kift  Term  of  cbe  Area  itquired  is  knoira  from  the 
Value  of  the  Number  /;  for  here  alfo  /  4-  i  gives  the  Number  of  tlie 
Terms  of  the  Series,  which  are  to  be  taken  from  the  Beginning,-  which 
conftitute  the  Arta  required*  (3)  If  /=r  i,  then  the  Relatk>n  of  the 
Coefficients  muft  be  this ; 


li  —  my.  i'^  A-^-r  A     t      e^^mx  t^^A  +  s  A     f 

^  ■  X  —  =S  '  X  — 

i — nixr  +  I— /xe+x  »xr4-i  +  »x^+i 

If  /  =:  2»  the  Relation  muft  be  this  : 


■    '  ■  ■   ■  X  — - 

i^^mx  2tf  +  i+JX2^+  I 


ze-^mxi^^A+rA     h 
X— 4. 

■    ■  ■     a 


3f  ^  Specifften  of  a  General  Method  to 


1 


m— tfx^+  i-f-j;x^4-  I     fR 


m  X  2  ^+  X +  VX2/+  I 

Seffion  3.]    Let  2  =  ajr  H-  *«   y       +f^     y  + 

3  ^    3  ^H-»^  y^^  bg  tj^g  Equation  expreffing  the  Relation  between 

the  Ordinate  z  and  the  Abfcifs^,  and  confiding  of  as  many  Terms  as 
you  pleafe  ;  the  Area  will  be 

^-4-1     r-I-i  2^4-1    2r-f-i 

AzyJ^Bz  y  +Cfc  j  ^- 

3^+13^4-1  4^+1    4^  +  1      Mr  which nf 

Bz  y  ^Ez  y  .  Cs'f.  which  (if 

I  miftake  not)  is  no  contemptible  Theorem,  The  Coefficients  A,  By 
Q  Dj  £,  &c,  arc  found  by  a  very  eafy  Calculation,  as  alfo  die  Condi- 
tions of  Quadrability,  and  how  many  Terms  of  theSeries  the  Area  re- 
quires. The  Number  of  thefc  Conaitions  increafes,  with  the  Number 
of  the  Terms  of  which  the  Equation  confifts,  which  defines  the  Rela- 
tion of  z  and  j^.  And  particularly,  if  that  Number  of  Terms  is  called 
JV,  then  iV— 2  will  be  the  Nunobcr  of  the  Conditions  of  Quadrability  j 
one  of  which  fhews  the  Relation  of  the  Exponents  m,  »,  e,  Cj  when 

Nc —  z  €  ^2  e  —  Ne ^m  +  n 


—  cm  —  en 


is  an  integer  and  affirmative  Number,  which  w€  call  /.  The  other 
Conditions  regard  the  Coefficients  tf,  ^,  /,  j-,  b^  &c.  And  laftly,  /  H*  i 
gives  the  Number  of  the  Terms  of  the  S^ies^  to  be  tak,9i  from  the  Be- 
ginning, which  conilitute  the  Area  required. 

Corel.]  From  this  general  Series,  a  Series  may  be  deduced,  wfaidi 
fliali  exhibit  the  Quadratures  of  Figures,  whoie  Curves  are  defined  by 
an  Equation  confifting  of  any  Terms,  which  confirtute  the  general  Equa- 
lion  of  the  third  Sedion.  For  to  obtain  this  there  is  Need  only  to  com- 
pute  a  Series  for  an  Equadoa  confifting  of  fo  many  Terms  ot  the  gene- 
lal  Equation  taken  from  the  Beginning,  as  the  Equation  defining  the 
Curves  includes  Terms.  Then  from  the  Values  of  the  Quantities  J^ 
fi^  C^  &c.  the  Coeffidents  bjftgt  &c,  may  be  dimiuated,  which  do  noc 

belong; 


determine  the  Quodraturet  of  Figures. 

belong  to  die  Equation  propofed.  The  othen  will  give  the  Area  re- 
quiicd.    This  wul  appear  by  an  Example. 

SeaUmJ^.']    Lct«    ^ay   ^hx  y  +^«       y 

be.  an  Equation  expreffing  the  Relation  between  z  mAy.    Now  becaufe 

z    ^ay   ^hz  y  ^fz     y  +^2      y 

is  dut  Part  of  the  Equation  which  includes  the  given  Equation,  taking 
the  Terms  in  Order  from  the  Beginning,  which  hereafter  (for  Brevity 
Sake)  I  will  call  the  compleat  Eauation :  Therefore  the  Aras  of  the 
F^res,  whofe  Curves  are  definea  by  the  compleat  Equation^  will  be 

^4-.  l..^.-4- I  2^-f-I      2C+I 

Azy+Bz  y  +C2  y  + 

J)%  y  +Ez  y  +Fz  y  •  Gf ^. 

Here  the  Coefikients  «,  *,  f^g^  enter  the  Values  of  the  Quantities  S,C, 
D,  £,  F,  &c.  If  thcreftirc  in  tnele  Vahies  we  put  every  whcre/=  ^,  (be- 

z€     zc+n 
cxakfz      y  does  not  enter  die  given  Equation)  we  fliall  have 

the  Values  of  die  Quantities  ^,  J3,  C,  D,  £,  &c.  which  being  fubfti- 
tuted  in  the  Series  will  give  die  Areas  reqinred.  Now  by  the  Calcuhir, 
tibn  I  have  found  that 


33 


if= 


ai  +  » 


5  = x  — 


mxc  ^  I  ^.^x^  —  I 


e4-»xf+i+M  —  ixc  +  I      bB 
C  = -K 

_— »  ■  ■      ■  a 

MX  ac  +  I  +»x2e+  I 


D  = 


«  — 3tfxx— yf+3  c—nx'-^Jg 


«ax3f +1 
Vol.  IV. 


^  A  Speeikeii  df  S  €rm^d  MitM  t& 


i  ■    k 


+  «tfx^^+ t 


^  — gaxr-f-i^"  3^  +  »x^-f  rx 
JB=  — 


^i%  4^+1 


.    J   r  ,     J   '        I  TT  li  1^  i   -T^  i      t    niir  a  ,       ,        , 


4-114X4^  +   I 


iwn  X  5  r  +  1 

•        .1     f.    ■      „  J        ..    ■'  J    I'M'.    '  -IfiJ 


i-^.^^4.jj».-i^#x4«4-  i4-c  4- II  x4«-f-i  K.'^iE 


+  »^irx  5^+  I 


m-^^e  X  3^+ I  +ac  +  i>x  3^ -f-  i  x 
G  =  _ 


f    .IV  4  X  6  r  +  I 


>-  ^D  +  1^  ^ix  s  c  j-. J..4-  ^+>.x^.jr  J- 1  X - ^ i^ 

H^f^#)e-^-#^-frt-- • 

From  hence  appears  the  FtogceSeitof  the  idl  mmfinUm*  Aad  thus 
will  be  had  a  Series  exhibitia^  tt)e..Quadi3tturts  of  all  the  Fijgutes^  whofe 
Curves  are  defined  by  thb  Equation  of  four  Terms,  . 

z  say  +iz  jt        ^g^      y  •  .     , 

Ana 
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And  it  muft  be^obferved^  that  the  Conditions  of  Quadrabilitf,  tnd  the 
Number  of  the  Terms  of  the  Series  that  conftitute  any  Area  fought,  are 
the  6ine  with  the  Conditiotis  of  QuadrabiUty,  and  Number  of  the 
Teims,  which  agree  to  the  Figures  whofe  Curves  are  defined  by  com- 
pkat  Equations. 

Cord.]  Befides  thefe  two  Series  in  §.  2  and  4  for  Figures  of  four  Terms, 
in  the  fame  Manner  infinite  other  Series  may  be  computed  for  other 
Cafes  of  Figuroi  (rf'four  Teroos,  which  is  aifo  to  be  underftood  of  aU 
other  Figures,  whofe  Curves  are  defined  by  Equations  confiding  of  arty 
Number  of  Terms, 

I  have  not  Time  at  prefent  to  give  a  minute  JDefcription  of  the  Me- 
thod,  by  which  I  arrive  at  Aek  Series.;  yet  to  give  fome  fliort  Account 
of  it  perhaps  may  not  be  amifs.  I  aflfume  a  ^ries  compofed  alike  of 
zmiyy  fiich  as  this  following. 

p     q        s    k  Ik 

Azy  +  Bz  y  ^Cz  y  +D2:  y  ,  6cc.z^ Fluent  of  zy  i 

cS  wUch  all  the  Terms  except  the  firft  have  general  Exponents.  Then 
I  form  an  Equation  between  two  Values  of  the  Quantity  z^  one  of  which 
is  derived  from  this  Series,  and  the  other  is  eafiiy  found  by  the  dired 
Method  of  Fluxions,  from  the  Equation  exhibiting  the  Relation  be* 
tween  z  and  jr.  From  the  Terms  of  this  Equation  duly  reduced,  firft 
I  determine  the  general  Exponents  ^,  f ,  gj  i,  /,  k^  &c.  and  then  the 
Coefficiencs  ^,  £,  Q  &c.  And  if  there  are  more  Comparifons  than  what 
are  fufficient  for  determining  thefe  Coefficients,  from  the  reft  I  deduce 
the  Conditions  of  Quadrability.  If  you  proceed  the  right  Way,  the 
Calculation  will  be  very  eafy  5  and  I  have  manv  Rules  relating  hereto^ 
which  perhaps  I  may  give  another  Time :  As  alio  the  Ufe  of  this  Me^ 
thod  in  finding  finite  irrational  Quadratures,  when  rational  ones  cannot 
be  had.     For  the  whole  Affair  is  now  in  my  Power. 

Vn.  The  Solution  of  a  Problem  propofed  by  Mr.  Jo.  Bernoulli,  in  a 
French  Joumalj  Feb.  1703. 
Problem.']    A  Geometrical  Curve  being   propofed,  to  find  others  J»  Z*' «hcr 
widiout  Number  which  are  equal  to  it  in  Length.  ST^aTt 

Solution.    Let  the  Co-ordinates  of  the  given  Curve  be  w^  s^  and  thofe  any  gden 
of  the  Curve  required  be  x  jr.    Then  from  the  Condition  of  the  Problem  Geometrical 

..  .  .  •  CurWfiyMn 

itwill  be  ww  +  /j=  xflf+jFjr.  Let  usfuppofe  jr.=:tt;  — »z,   then  itj.Cra^n. 

^ — .  ^  .        289.p.isa7. 

/illbc  jf=  •  J*+  2«iw  «  —  »*«»  .  Inthi&Equaticminfteadof  J  kt 
^  Value  be  fubftituted  and  exprefiixl  by  w, «;,  and  determinate  Quanti- 
es ;  and  for  z  let  fuch  a  Value  be  afiumed,  comtpoM  cf  witB^  and 
^terminate  Quantities,  as  that  the  Fluents  of  j^  zndy  may  be  found. 
rims  X  and  jr,  the  Co-ordinates  of  the  Curve  fou^t,  will  be  had.  ^  E.  L 
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Example  i.]    To  find  a  Curve  equal  to  the  Parabolic  Line.    Let  ^  a 
be  the  latus  redhim  of  the  Parabola.     Then  2  tf  x  =  w*,  or  ^  =  ^ 

whence  s  =  ^L.  =  «  — «  wa^,  and  j*  =  ar^  w*  w*,  and  therefore j?  = 


•  tf-*  w*  w*  +  2  « w  z  —  «*  2*.    That  the  Fluent  of  this  may  be 
found,  affume  »2:=:?L^,  whence*  =  w  —  a— »  «r*  w,    and  jf   = 


i/  3  j^^  w*  w*  —  ir-4  w*  w*  =  w  •  3  ^"*  w*  —  cr^  w*.    Now  the 
Fluents  of  thefe,  by  Methods  already  known,  will  be  found  to  be  x  z=  w 

Example  2.]    To  find  a  Curve  equal  to  the  Circular  Arch.    Let  a  be 
the  Radius  of  the  Qrcle  ;  then  'tis  s  =  •  tf* — w*  i  whence  j»  ^ 

^*  ^*    ,  and  therefore  j'  =  •    ^*  ^*     \%mwi  —  »*  z»  .    That 


the  Fluent  of  this  may  be  found,  let  us  affume  »  2  z=r    ^     ,  and  xx^rer- 
f^rf.;^Tr-^^'  ^  and  ;'^  -  3  ^^Jl+j^  v  .:.     NowtheFlu- 

cnts  of  thefe  are  x  =  w— l^^and  t  =  flZZJl^  ^tf*  —  w*". 

3^*  3^* 

Example  3.]     To  find  a  Curve  equal  to  that  of  an  EUipfis.     Ltt  a  r 

be  the  latus  redum,  a  the  tranfvcrfe  Axis.    Then  s  = 1^ — 

a  ^ 


whence  i*  = —  ^*  ■  ,  and  therefore  v  =^ ^!5L+2a«e;2— i»*z*. 

That  the  Fluent  may  be  had,  make  m  z  =ltJl^w^  w  ;   whence   x 


ai 


—  w— -Lf-i-LH  w*w,  andj'ssw  x 
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f^IlT      I  4^^*^^^^  +-^^J:^^^*  w*  t  the  Fluents  of  which. 


^i*— ^»i»»  ■  0^  —4' 


10  be  found  by  known  Methods,  are  x  =  nr  —  ?'  ^  \^  ^.  w s ,  and  jr  = 


Exampli  4.]    To  find  a  Curve  equal  to  the  Cubical  Parabola,  whole 
Equation  is  3  « >  j  =  w3 .    Thence  j  *  =  — r— ,   and  therefore  jr  = 


•  iT'^  w4  w*  +  2  » w  z  —  »*  25*  .    Now  in  order  to  find  a  Fluent, 


tP»  W        X  T  *         W^  W  1   •         WW 


make»2= — !:.    Hence  x=ic; ,  and;r  == 1/310*4 4^*. 

2  tf*  i  a^  2  tf 

The  Fluents  of  thefe  are  x  s=  w  —  -^—^  ^"^ y  = — o  — x  2'zt;-+4^^1'^ 

Dtf         9 

Ftom  other  infimte  Values  of  the  Quantity  m  %  rightly  aflumed,  may 
lafidie  Oirves  be  derived,  which  are  equal  to  the  given  Curve.  And 
It  may  be  ofaferved,  that  thb  Problem  has  fome  Kind  of  Affinity  with 
a  certain  Problem  ofDicpbanius.  His  Problem  is,  to  divide  the  Sum 
of  twoSqmres  into  two  other  Squares,  having  their  Sides  rational.  And 
BmutdlPs  Problem  is,  to  divide  the  Sum  of  two  Squares  into  two  other 
SoifiHcs,  the  Fluents  of  whofe  Sides  may  be  found.  A&  the  Solution  of 
^DhpbatUus's  Problrai  depends  only  on  the  vulgar  Algebra,  fo  the 
Solution  of  Bemmdfft  Problem  requires  only  the  common  inverfe  Me- 
thod of  Fluxions.  The  Artifice  ot  each  confifts  in  a  due  Affumption  of 
the  Sides  required  ;  that  of  Dicpbantus  that  the  Sides  nuy  be  rational, 
that  diBimouUi  that  the  Fluents  of  the  Sides  may  be  found. 

Vni.  The  ChrcJe^  EUipfis  and  Hyperbola  being  not  geometrically  qua-  a  mw  Qua- 
dn^le  (as  infinite  others)  there  have  been  two  Ways  made  ufe  of  to  dratrix  to  tht 
find  their  Jrea^s.    By  C$m)ergifig  Series^  whereby  Approaches  are  made  ^^J^^^^]^^ 
nearer  and  nearer,  according  to  the  Exaibiefs  defired.     2-  By  ^adra-  ^  ^^^^  p. 
trices^  that  is,  mechanical  Curves,  which  determine  the  Length  of  cer-  2253. 
tan  Lines,  whofe  Squares  or  Reftangles  give  the  A^ea  of  the  Figure 
defired.     Of  this  Sort  is  the  old  ^tfaaratrix  of  Dinojiratus^  by  which  the 
Cirde  and  Ellipfe  are  fquared  y  apd  another  Sort  (for  the  fame  Purpofe) 


y8  1^  Cmfiru^ian  mid  Prop^ties  tf 

Fid.  fam,     I  inferted  in  the  TranfaSwm  abeut  five  Y«acs  ago.     ^Sace  41mii,  li^mg 

s'vii    '     fo*^nd  the  Conftrudion  of  a  Oin^  j&om  whence  (-beiides  its  own  ^^- 

'         drature  and  Reaification)  the  ^ftadraiure  of  the  H%perbok  is  dcarivedl  f 

thought  the  following  Account  might  not  (to  fome)  be  unacceptaUe. 

Kg.  II.         Let  AB^CD^  be  two  ftrait  Rukues  j^Moed  at  £,  tfid  there  making 41 

right  Angle.    (Their  Length  according  to  the  Largenefe  of  die  Figure 

you  will  defcribe.)    £Fis  ai>pcher  Rular  fomewhat  longer  than  ^  A. 

Near  the  one  End  £,  let  a  little  Trucide-Whed  (reprefented  edge-wife  by 

tb^  and  made  of  a  thin  Plate  of  Brals  or  Iron)  be  feiftened  to  the  Ra« 
r  by  a  Pm  (/,)  through  its  Center,  fb  that  the  Wheel  may  turn  about 
upon  the  Pin  (/)  tight  to  the  Rular  without  joggling. 

On  the  undtr  Side  of  this  Ruhr  (the  5ide  from  the  Eye  in  the 
Scheme)  let  there  be  pinn'd  m  glewed  a  little  Piece  of  Wood  i}n  the 
Form  of  a  Quadrant,  the  Part  which  is  ieen  being  marked  kl)  wfao^ 
Edge  (or  Limb)  i  /,  is  an  Arch  of  a  Circle  of  Center  (i,)  and  RtUiius  i  i 
(the  fame  with  the  little  Wheel.)  The  I>eGgn  of  this  Pieceof  Wood  k, 
that  in  the  feven^  Pofitions  of  the  Rular  E  F,  the  circular  Limb  *  /  al- 
ways touching  and  Aiding  by  the  Edge  of  the  Rular  J  B^  the  Center 
of  the  Wheel  may  be  always  in  a'Line  (/  m)  p«i^el  to  the  jElplmr 
AB. 
I  In  the  Rular  C  D  make  MB ^ibor  ik^  and  at  Af  fiiften  a  fitCte 

Pin^  and  another  to  the  Rular  E  F  near  di^  Whee^  asiat  P.  Xo  lifiA 
two  Ends  let  be  faftened  the  two  Ends  of  a  String  M  R^  4b  that  its 
whole  Length  (from  Pin  to  Pin)  -f»  P  r,  be  eqml  to  die  intended  A^m 
of  the  Curve  ?'*P1 

The  Inftrument  being  thus  prepared,  let  a  ^mng  Rular  IS  0,  -bt 
bftened  (or  held  faft)  upon  the  Paper  or  Plane  that  «he  Curve  is  to  Sir 
drawn  upon.  Lay  the  Rular  E  F  from  M  towards  A,  and  paralld-co 
jfBj  fo  that  the  String  lie  all  ftnut  along  the  Edge  o(  die  Rular  Ef 
from  M  to  p^  die  Point  5  k  of  the  Quadrantal  Piece  of  Wood  refffti^ 
upon  the  Edge  of  the  R  ular  J  B.  Then  with  a  fmall  ¥kn  at  M  fas^ 
ing  the  String  cloie  to  the  Edge  of  the  Rular  EF^  and  widi  your  odK^ 
Hand  upon  £e  End  £,  keeping  the  Wheel  tight  to  die  Paper  i»  V\mt^ 
move  the  Pin,  String  and  Rular  £  F  from  Af  towards  O,  the  Rulliir  G  2>» 
flidii^  along  by  the  faftened  Ruku*  i$  O  in  a  rig^  Line^  the  Wh^  r  b 
will  by  its  Motion  defcribe  die  defined  Curve  7V.  ^  ' 

Note  J  The  Semidiameter  of  die  little  Wheel  qiuft  be  aboujt  d)e  Sim 
of  the  Thicknefles  of  the  two  Rulars  £  F  and  ABj  that  it  may-t^udi 
the  Paper.  Alfo  it  will  be  convenient  that  its  ^dge  be  thin,  and  ^ 
litde  rough,  that  it  may  not  Aide  flat-ways,  and  &t  it  qiay  leave  a 
▼ifible  Impieffion. 

From  this  Conftru6tion  the  fqllowing  Properties  are  demonftrafa|e  : 

i«  It  is  evident  from  the  Conitrudion,  that  the  Sum  of  the  fat^t^tnA 
Suhtangent  is  every  where  equal  to  the  fame  giv^n  "Line  (:;=JI(f-R  +  ft,i 
s  f  fir,)  for  die  String  (iirit^ftrait  at  3^/^,  anemards  making  an  Angle 

atR) 
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flt/E)  bdng every  where  thefiune}  theLine/2i  (or /{  P  +  P /)  is  al- 
ways the  Tai^^enc,  and  the  Remainder  RMiht  Subtangent ;  the  Con- 
tift  of  the  Wheel  with  the  Pkne,  being  the  Point  of  the  Curve  to 
which  they  belong. 

i.  It  hence  fdlows,  diaf  any  aOi^nafale  Pm  of  the  Cin^e  is  uBlfiabU^ 
or  equal  to  any  afltgnabir  Arsfo  Line.  In  Fig.  12.  Let  F AE  be  a  Part 
<f  the  Curve,  ifit  Vertn  F.  HDdh  the  Lme  defcrib*d  ^  the  Motion 
ofthePio^(inf)f  xi.)  and  may  be  ihewn  to  be  afymptote  to  the 
Curve.  FHz  Perpendkular  to  HD.  Let  ^  be  the  given  Point  in  the 
Curv^  if  Z)  the  Tangmt^  and  J  D  the  Subt^mgent  to  the  fame  Point  A, 
Let  J  be  another  Pdnt  in  the  Curve  infinitely  near  to  yf,  to  which  let 
'41  i  be  the  Tangent,  and  ^  il  the  Subtangent.  Draw  AG  ag  perpendi- 
colsA'  CD  FH aod  AB^  ah perpetdicuhor  to  HD.  By  the  Conftrudtion 
AD-^-  J)  B  =rtf  d  -^  db.  Let  ^  Ji  be  made  equal  to  it  D,  and  draw 
Da  Then  becaufe  #  </  v  *  J  =5  AD  -f  D  fi.  Subftraft  ^  D  and  i?  D 
(ortf4)  firota  both  Sums  (Equals  from  Equals)  there  remains  <n  J  4- 
iD^Ad  +  B*  (or  Cm).  AaC^DdJiwrt  like  Triangles  (or  differ- 
ii^  infinitely  tittle  from  foch)  thereforeCtf  (5^) :  AallJ'd:  D^,  and 
compoonditK  £  ^  +  jAa  :  Aa  11  Ad  +  Dd:D  d.  Alternating  E  b 
+  Aa  I  /  dJ^  I)  di:  Aa  .  D  d.  But  B  b  +  Aaz:zJ'd  ^  D  d(^s  is 
fbtwn  sbom)  therefore  Aa'r^Dd.  Aa\%^  fluxional  Particle  of  the 
CurveF-4  andD^isthe  fluxional  Particle  of  the  Line // Z) :  Thefe 
Fkzions  or  Augments  being  equals  and  their  flowing  Quantities  begin- 
niog  together,  are  themfelves  therefore  equal,  viz.  F  A  =  HD. 

LetFG  =  x,  GA(x:RHB)^y.  At>:=.t.  B D  =  S.  So  ia 
the  Curve  FJ=  HD  :siy  +  S :  that  is,  ibe  Curve  frm  the  Vertex  to 
mfpvm  Pami  therein^  is  equal  t§  tbe  Sum  efits  Ordinate^  and  Subtangent 
h  the  fame  PmU  wbicb  is  iisfecond  Property. 

3.  The  hext  Property  (and  whereupon  I  call  it  the  Hyferl'olk  ^d-  Fig.  12. 
ira$riu)  is  this  :  Let  FAE  be  a  Part  of  the  Curve,  fef^.  (as  before.) 
FIKffh  a  Square  upon  the  Line  F//.  a  I L  is  an  Equilater  Hyper- 
bola, wbofe  Vertex  is  /,  its  Aflymptotes  HO^H  R\  its  Axis  Hlfji. 
FfoA  ag^Ven  Point  L  in  the  Hyperbola  (bdow  its  Vertex  I)  dra\v  L  A 
puailel  to  the  AlTymptoce  R  //,  interfering  the  Diagonal  IH'in  M^ 
FH'mGj  and  touching  the  Quadratrix  in  A.  1  fay,  that  the  Hyper- 
hofic  Area  ILMis  equal  to  a  Re^hgle,  whofe  Sides  are  the  Ordinate 
GAy  and  mice  F/r,  thef  Atis  totheQiiadfatrix,  th«  is,  Trilin.  I LM 
sazFHhGA. 

UtFHzxa,FG::zx,GA=y.    Becaufe  of  the  Hyperbola  G  Z  AT 

G^(I^)=/'Hj,  therefore  Gi  =  ^l^i  andLAf«£^^-G 

GO  G  H 

tf{JaG)  thatiS,£i«'=  H— ■  <  4- ^ :g  1  "* '"'^ * ^aftd'confegue&t- 

ox  "  '  "  a — X 
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ly  the  Fluxion  of  the  Area  /L  Af=^ '^ —  x 

In  the  Rcftangle  Triangle  JDBj  A B  =  a^XjBD=zS^  JD  :=z 
fz=ia  —  Sithti\isJDq=iABq  +  BDq:  or  tftf  — ltf5+55=: 
a  a  —  2tfx  +  yx  +  55,  which  being  thus  reduced,  gives 

2ax  —  XX. 

S  = 

2  a 

Let  /tf  be  a  right  Line  fuppofed  infinitely  near  and  parallel  to  L  A^ 
and  interfefting  JB  in  C.    Becaufe  of  like  Triangles  JCa^  ABD\ 

2  a 

therefore  y  =.  ^  ^^      ^—  x.    Multiply  each  by  2  <i,  and  'tis  2  iJ  i  = 
2  aa-^  2  a  X 


2aX'^xx 


X.    The  flowing  Quantity  of  2  ay  is  2  ay^  and  the  flowing 
a  -X 

Ouantity  of  Lf  ^      ^-^y  is  the  Hyperbolic  Area  /LAf  (as  is  fhewn 

before.)  Thefe  two  Area's  beginning  together  at  F  and /,  and  having 
every  where  equal  Fluxions^  or  Augments,  are  therefore  themfclves  every 
where  equal. 

N.  The  Quadrature  of  the  Trilinear  Figure  IL  M  being  thxis 
found,  any  other  Area  bounded  with  the  Curve-line  /  Z.,  and 
any  other  Right  Lines  is  alfo  given. 

4.  Suppofing  the  fame  Things  as  in  the  precedent  Propofition,  I 
fay,  that  the  ^tz  of  the  Quadradrix  Fab  H  F  is  cqusd  to  half  the 
Square  of  Pg^  wanting  the  Cube  of  Fg  divided  hj  6FH9  or  FabHF 

^ta^llJL.    The  Fluxion  of  this  Area  is  the  ReftangkC i> b  B 
26a 

"— —^  ^ —  2aX''^xx*  •  XX  •  rru^  a^^c^M^^^ 
B4i--^xjr=sa-*.xx xsixx-^ X-      The  flowing 

%aa^2ax.  2  a 
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Quantity  of  jrx  is  4  x  9C :  And  the  flowing  Quantity  of^iL^^ia 

2  tf 

_ [as  is  eafiiy  Ihcwn  by  bring^  back  thde  flowing  Quantir 

0  tf 

ties  to  their  refpe^ve  Fliudons.]    And  hence  alfo  itfoUows,  that  the 

whole  Area  continued  on  infinitely  towards  £,  is  $n€  ibird  of  the  Square 

FIKH%  <x\^aa.    For  fuppofing  x  =  ii^  the  Area  above  becomisir 


While  I  was  confidering  the  other  Properties  of  diis  Cunre^  and 
had  ^ven  Ibme  Account  of  them  to  my  ingenious  Friend  Mr* 
John  Co^my  he  returned  me  a  I^ettcr  with  the  Addition  of 
the  Quadrature  of  the  Curves  Area,  which  I  had  not  then  jb- 
quired  into. 

5.  Suppc^ng  ftia  the  fame  Things,  I  fav  that  the  Solid  made  bjr  die 
Conveifian  of  the  Area  FakHF^haat  theLioe  Ht  as  an  Axis,  is 
equal  to  a  Cylinder  whofe  Radius  \$FH:s:a^  and  Height  equal  to 

^^J^l^+JLl — .    AndthewholeSoUdmadebyCoiiverfitooftlie 
2a     2  a  a     S  ai 

whole  Figure  infinitely  continued,  is  equal  to  an  eighth  Part  of  %  ty^, 
linder,  whofe  Radius  and  Hei^t  are eadi  equal  to  F Hots. 

Let  ^cxprclstheProportioopfthcPeripheryandDianaeteriiftGrr 
cle*    Thenis^is^quad.theAreaof aCiicIewholeRaiiUusiatf^.  And 
sex 

AT  — — 

becai]feC#=y:[i? x    the  Fluxion oftfae Solid  is^x  a  ^»  q. 

41  —  ^  D 
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%Q\,  IV,  •        G  whofe 
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whofe  flowbg  Quantity  is  L.  xtlllZJtL.  +  —  *     Whkh  Solid 

being  divided  hj  —-  a  a  (the  Area  of  a  Circle  whofe  R^ius  is  dj 

igives-^—iLfL^  -I-  JLt,  for  the  Height  of  a  CyUader  on  the  laid 

circular  Bafe,  and  equal  to  the  Solid  made  by  Convelrlion  of  the  Area 
Fa bHF about  the  Line Hb  z&Ml  Axis,  When x^a  (that  is,  when 
the    whole    Figure   is    turnM   about    its  ACymptote  )  the  Height 

tl^ll — j^ll — ^beconics  |  #. 

Zft      ia  a       %  ai  .  ^ 

'6.  The  Curve  Surface  of  the  Solid  generated  by  the  Converfion  of 
1^  Hgure  FabHFsiKMt  H Bj  h  equal  to  the  CUrve  Surface  of  a 


Cylirtdet  i^rhofe  Radius  is  a,  and  Hdght  equal  to  1.^JL?Lj^ 


4,  a        I  2  aa 

And  the  whole  Curve  Surface  of  the  Solid  infinitely  continued,  is  equaf 
.tov^  ^ifrd  Part  of  the  Curve  Surface  of  a  Cylinder  wbofe  Radiur  and 
Height  are  equal  to  F  H  ori^.     Which  may  be  demoilftrated  after  the 
.    Manner  of  the  precedent  Fropoiition. 

7,  The  Radius  of  the  Curvature  of  any  Particle  of  the  Quadratrix  is 
Kg.  IS  1  -J^.^.^—  txA  Ais  fbwid'Qebhittrically.    FJl  "E  is  the  ^^adratrix^  HD 

the  Afymptote,  jiD  the  Tangent,  £  jD  the  Siibtangent  to  a  given  Poinr 
A  Make  BVz::.4  D*  Upon  F  raifc  the  Peipendicular  V  W^  from  jt 
draw  ^'^perpeftdictjfa&r^tb  m  Tai^enl  ADy  tiH  it  m^t  Jt  Wm  fT. 
So  is  A  W  the  Radius  of  the  Curvature  at  J. 

S.  This  Curve  may  be  confiftucd  on  infinitely  above  the  Point  F  (but 
bj^  a  difitYcnt  aiid  Tftore  opercfe  Way  of;Conftruaton)  whofe  Properties 
Will  be  thefe.  t.  ThcS^Tnce  of  Its  'Rif^ht-'an^  Sttbt^gerit  (taking, 
the  Subtangent  in  the  Line  HS)  will  be  always  eqtial  to  the  fame  given 
Uin^FH  or  a.     That  is>  as  /  +y  =  <^  Wow/s  fo^-^j.55  adbovcF. 

2.  A» 
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^.  As  bdow  F  the  Curve  Line  is  equal  to  the  &»  of  its  Ordinate  and 
Subtangent,  fo  above,  it  is  equ^l  to  tjiqr  IHffercncc^  or  s  — y.  3.  As 
bdow  F,  2  4ijr  =  ILMj  fo  above,  2  4jr  =  /a/«.  All  which  (  and 
its  other  Properties)  may  be  demooftrated  as  the  Precedent  mutatis 

9.  With  a  little  Variation  in  the  precedent  Conftruftion,  may  the Lo-    pjg.  ,,• 
garitbndck  Curve  be  conftruftcd,  which  is  alfo  a  ^uadratrix  to ,  the  Hy- 
perbola.   Omitting  the  String  Af-R /^,  let  theDiftance  MR  he  equal 

to  die  Svbtangent  of  the  intended  Logarithmick  Curve  (which,  as  it  is 
known,  b  invariable.)  Suck  a  Pin  at  ^  in  the  Rular  C  A  to  which  ap- 
ply the  Rular  E  F,  fo  that  the  JEdge  of  the  little  Quadrant  ^  /,  refting 
upon  the  Rular  A  5,  the  Diftance  Mi  be  equal  to  MR.  Then  keeping 
the  Rular  E  F  tight  to  the  Pin  i?  and  Ru'ar  J  By  Qide  the  Rular  CD 
along  in  a  ftrait  Line  (by  the  Rular  or  Line  S  0.)  So  will  the  Whed 
J  b  defcribe  a  Part  of  the  Logarithmick  Curve  7T,  vrhok  Suktangent 
is  every  where  MR. 

10.  Let  FAE  reprefent  the  Logarithmick  Curue^  whofc  Subtangcnt  is 

equal  to  FH.    Z./ A  is  an  Equilatcr  Hyperbola  (6ff.  as  before  §.3-)     P*  »^ 
lxtFG  =  x,Ga=y.    FH{  =  BD)^a.    GH{  =  LS)=a^x. 

^C=x,Ctf=V.    ThcnAC  :Ca::jiB:BD,xh2^is  y  i^'::^  —  x  : 

alia  : therefore  ay  =-?-^ —  i.    The  flowing  Quantity  of  ay 

a  —  X  ^      a — X  ^   -^        /  • 

'^ay  '^  and  the  flowing  Quantity  of  ^  ^     x  is  the  Hyperbolick  Area- 

TIL  G  (for  by  the  Nature  of  the  Hyperbola  GL=    ^^    )  therefore 

a — X 

it  the  Hyperbolick  Area  FILG  equal  to  ay  a  Redfangle,  whole  Sides 
are  the  Subtangent  {BD  =  FH)  and  Ordinate  G  ^  (as  here  accounted) 
of  the  Lc^arithmick  Curve. 

IX.  Lemma.]    To  divide  the  Sum  cf  tp0  Squares  into  two  other  0/ the  length 

Squares.     .  of  Carve 

^  ^  iMies,  iy  Mr. 

Let  z»  and >  be  two  given  Squates  whofe  Sum  is  i*  -h  ^ .  It  is ^\^'^^'^^; 
to  be  divided  into 'two.  ofih^r  Squ^cs  V*  and/*  i  and  let ;»» and  »  be  any  ^'^'  ^'  ^^ 
two  Numbers  taken  at.PJieafuK.    Now  from^thc  Condition  of  ihe  Pdo- 

blcm  kkx*+y  si»  +  }•  5  Whence  (as  iDay  appear  from  2)/^i&i9>/«j> 


44  Of  the  Length  of  Curve  Lines. 


J^=  ,    and 

mmAf^nn 


jr .    Q.  E.  J, 

Problem.^  To  find  immmerabU  Curves^  wbieb  ate  of  ibt  fame  Lei^th 
Mib  any  profofed  Cuhe^  wbotbor  Algebraical  or  MubamcaL 

Let  z  and  J  rq>rdent  the  Co-ordinates  of  the  Curve  propofed  •,  x  and 
y  die  Co-ordinates  of  the  Curve  required,  which  is  to  he  of  the  fame 
Length  as  the  Curve  propofed.  Therefore  it  is  evident  from  the  Ele- 
ments of  Curves,  thati*  +  j^"»=i*+i*j  and  therefore  by  the  fore- 
going Lemma 


mm  —  nnxz-^-zmns 
mm-^  nn 


nn — mms-^zmnz 


The  Fluents  of  which  are 

H  r: 

mm  —  nu'KZ-\'zmns 

mmJ^nn 

nn  —  mms-^zmnz 

mm'^nn 


And  dius  the  0>-ordiiii|tes  x  nAy  of  one  of  the  Curves  lequiced  will 
become  known}  and  in  like Manaer  from  this  a  fecond  may  be  dftived, 
andfrom  the fecond athird,  Juxiro Co,  tilias  many  as  you pteafe  are 


A  Problem  concerning  Curves.  ^^ 

Iftkl  no  Ejcamples  now,  becanfe  there  will  be  a  fitter  Occafion  hereafter, 
in  wfakhdib  Method  fliall  be  applyM  to  fevcral  Problems  of  this  Kind,  and 
the  Solution  of  this  Problem  (hall  be  illufl-rated  by  a  Variety  of  Exam^ 
pies.  And  I  have  fo  plainly  pointed  out  this  Solution  more  than  once, 
dut  it  m^it  eafily  have  been  deduced,  by  any  one  vcrfed  in  thefe  Mat- 
lers,  from  what  k  fubjoin'd  to  the  Solution  of  a  particular  Cafe  of  this 
IVoUem,  in  Which  the  Curve  propofed  is  Algebraical,  and  whurh  I  ex-  vid.  fuf. 
hibited  in  the  Philofophicai  Tranfactiona  for  ^an.  1704.  So  that  it  may  S.  VII. 
vjffCtt  to  Mr.  Jo  Bem^ullij  the  learned  Propofer  of  the  Problem,  that 
its  Soludoo  nuiy  be  obtain*d  from  the  common  Rules  of  the  inverfe 
MedKxl  of  Fluxions,  fince  he  infinuated,  in  his  private  Letters  to  Dr. 
a^fmy,  that  the  fame  could  not  be  exhibited  by  our  Theorems  pub- 
lifli*d  in  the  Philofophicai  Tranlaftions  for  March  1703.  And  becaufe  Vld.fi^n 
I  perceive  from  the  A6fcs  of  Leiffick  of  Augufi  1 705,  that  our  Solution  S-  V^* 
did  not  plcafe  diat  learned  Man,  though  enough,  and  more  than  enough 
to  die  Purpofe  -,  for  that  Reaibn  only  I  publilh  the  foregoing  Solution, 
whidican  be  liibk  to  no  Otyedion.  Therefore  the  learned  Bernoulli 
muft  ing^uoufly  acknowledge,  that  hardly  any  Problem  can  be  pro- 
pofed, the  Solution  of  which  is  deduced  with  more  Eafe  from  the  in- 
verfe Method  of  Fluxions,  than  this  his  Problem  of  the  Tnuisformation 
of  Curves. 

Now  I  ihall  declare,  in  a  few  Words,  what  I  cannot  approve  in  Mr^ 
BenmBTs  Solution  of  his  own  Problem*  Ftrjt^  That  he  has  apply'd  it 
only  to  Algebraical  Curves.  Secondly^  That  it  is  Mechanical,  and  de- 
pending wholly  upon  what  he  calls  Creeping  Motion.  Huygens  is.  cer- 
uioly  Serving  ot  immortal  Honour,  for  lus  Invention  of  the  Motion 
ci  Evolution,  becauie  from  thence  not  only  himfelf  but  others  have  de- 
rived admirable  Theorems  Geometrically,  cut  neither  Leibnitz^'s  Motion 
ofTnidion,  nor  J}^ni^K/&*s  Creeping  Motion,  will  ever  be  comparable 
to  Hftfgens^s  Motion  of*  Evolution,  till  thofe  ingenious  Men,  as  Huygens 
has  done,  fhall  reduce  the  Curves  generated  by  their  Motions  to  the 
Laws  of  Geometry.  Now,  fince  neither  of  them  have  yet  performed 
this,  the  Solutions  of  Problems,  depending  upon  Curves  produced  by 
their  Motions,  can  only  be  reputed  as  Mechanical. 

X.  In  the  ASa  Eruditorum  for  OSoker  1698.  pag.  471.  Mr.  J.  Ber- j  q^^^^/ ^^^ 
wmUi  writes  thus.     ''  At  length  I  have  obtained  the  general  Method  Imian  •/  a 
**  I  wifli'd  for,  for  the  orderly  cutting  of  Curves  ^ven  in  Pofition,  Problem 
**  whether  Algebraical  or  Tranfcendenial,  in  an  Angle  either  right  or^JJ^'^T 
"  oblique^  whether  invariable  or  varying  according  to  a  given  Law  \  —  n.'347. 
^  to  which,  according  to  the  Opinion  of  Mr.  LeibnitZy  not  a  Jot  can  be  p.  399- 
*'  added  fot  its  farther  Perfeftion,  and  for  this  Reafbn,  that  it  always 
^  leads  to  an  Eqtiation.    In  which,  if  the  indeterminate  Quantities  are 
^  femetiiiies  iniepara^  the  Method  is  not  the  lefs  perfed  for  that ; 
^lUx)t  belongs  not  to  this,  but  to  fome  other  Method  to  feparate  them. 


4^  Mr.   Leibnitz's   Problem 

**  I  intrcat  my  Brother,  that  he  will  try  his  Strength  in  t  Matter  of  tkis 
"  Weight  J  nor  will  he  repent  of  his  Labour,  if  he  happens  to  be  fiic- 
**  tefsful.  I  know  he  will  then  foiiake  the  Method  he  is  now  b  fond 
"  of,  which  can  only  be  apply  *d  in  a  very  few  Occafkms. 

Thefe  three  great  Men  had  been  ufed  to  exercife  one  anodier,  for 
about  the  Space  of  four  or  five  Years,  in  propofing  and  folving  fijch 
Kind  of  Problems.  It  would  be  very  difficult  to  give  the  very  fame  So- 
lution as  that  of  Mr.  Bernoulli^  without  one  had  the  Spirit  of  Diviiia* 
tion.  It  is  fufficient  that  the  following  Solution  is  general,  and '  atwsj^ 
brings  us  to  an  Equation. 

Problem.]  A  general  Method  is  required  far  fining  a  Series  of  CHfyeSf 
which  Jball  cut  at  a  given  Angle ^  or  at  an  Angle  tbatpaU  v§ry  in  e^pwm 
Law^  Curves  that  are  conJlituted*in  atrf  other  given  Series. 

Solution.]  The  Nature  of  the  Curves  to  be  cut  gives  theTangjeitfs  of 
the  fame  at  any  Points  of  Interfe6Hon  ;  and  the  Angles  of  lotierieftioii 
give  the  Perpendiculars  of  the  cutting  Curves ;  and  two  Perp^iculan 
coinciding,  by  their  laft  Concourfe  give  the  Center  of  Curvity  of  the 
cutting  Curve  at  the  Point  of  any  Interfe£tion.  Let  an  Abfcils  be  dtawa 
in  any  convenient  Situation,  and  let  its  Fluxion  be  Unity  ;  and  tfee  Po- 
fition  of  the  Perpendicular  will  give  the  firft  Fluxion  6f  the  QniiQace 
belonging  to  the  Curve  required  ;  and  the  Curvity  of  thia  Curw  wUI 
give  die  fecond  Fluxion  of  the  fame  Ordinate.  And  thus  the  Pr^;^9ilein 
will  always  be  reduced  to  Equation.    ^  £.  F. 

Scholium.]  It  does  not  belong  to  this,  but  to  another  Mediod^  to 
reduce  the  Equations,  and  to  feparate  the  indeterminate  Quantities,  ab- 
folutely  if  it  may  be  done,  if  not,  by  infinite  Series.  As  this  Problem 
is  hardly  of  any  Ule,  for  that  Reafon  it  has  remained  negleAed  and  un- 
folved  for  many  Years,  in  the  Affa  Eruditorum.  And  for  the  fame  Rea- 
fon I  Ihall  not  profecute  its  Solution  any  farther. 

M   Lb  ^^'  ^*"^  ^^  deceafed  Mr.  G.  G.  Leibnitz^  in  the  Contrpverfy  lately 

ni^f^PfJ^btem  moved  about  the  Inventer  of  the  Method  of  Fluxions  (which  he  h^ 
loncerfdng  thought  fit  to  Call  the  Differential  Method,  and  obftinately  to  appropri- 
^rmjblv'd  2X,t  the  Invention  to  himfelf)  has  given  no  Anfwer  to  thofe  Arguments 
%fn  tcl^'  which  are  alledged  in  Favour  of  Mr.  Newton^  as  the  Difcoverer  of  that 
p.  695.  noble  Method  ;  yet  by  his  Encouragement  Mr^  J  oh.  Bernoulli  has  pror 

pofed  a  Problem,  to  be  folved  by  the  Englifb  Geometricians.  But  whe- 
ther the  Problem  is  folved  by  them  or  no,  it  can  be  no  Prcjudiee  to  the 
Right  of  Mr.  Newton.  However,  leaft  they  fhould  make  itan  Occalion 
of  Triumph,  if  this  Problem  fhould  not  be  attempted  by  the  EngUJh^ 
I  have  ventured  to  give  my  Solution,  fuch  as  it  is,  tho*  the  Probkm  is 
no  ways  remarkable  either  for  its  Ufe  or  Difficulty. 
,  ,  The  Problem  at  firft  propofed  by  Mr.  Leihritz  was  fo  underftottd,  as 

IT  nothing  elfe  had  been  rec^uired^than  diat  Conic  Hyperbola^  defccib'd 

with 


I 


tonceming  Curves  folvd.  J^y 

irith  t^  fame  CeAter  and  Vertices,  fliould  be  cut  at  rigbt  Angles.  £(ue 
when  he  was  informed,  that  this  Cafe  had  been  immediately  folved  by 
fome  EngUfth-mcH^  he  wfoce  Word,  that  the  Solution  of  a  particular  Cafe 
was  not  required,  but  ^  general  Solution.  For  which  Reafon  thofe  par- 
ticular SoludoBS  were  not  publifh'd;  tho'  in  the  Philofophical  Tran- 
fi<%ons  Numb.  547.  \Si$  Se£t.  X.  ahvi\  a  Solution  appearM  which  wa^ 
uniyerfal«  But  Mr.  Lcihmtz  and  his  Aflbciates  were  not  content  with 
this,  but  jeem'd  rather  to  deftMie  it,  as  if  the  Author  was  not  able  to 
apply  it  to  any  particular  Cafe-  If  they  could  not  perceive  how  Equa- 
tions were  to  be  deduced  from  it,  that  is  to  be  imputed  to  their  Unskil- 
fiilaefi.  A  little  befofc  the  Death  of  Mr.  Zix^/z  the  following  Pio- 
bledi  at  kft  came  out,  which  may  be  folved  after  different  Manners,  by 
purfuing  the  Steps  ti  the  general  Solution  before-mentioned  ^  but  at 
^tfSm  M  iluili  fotve  it  as  follows. 

ft-oblem.]     Vfim  the  ri^bt  Line  kG  as  an  Axis,  frbm  the  Point  A  to     p.    ^^ 
htem  OH  infinite  Number  of  Curves,  fucb  iSi  A  B  D,  which  are  to  he  offucb  a     ^' 
tfeiure^  that  the  Radii  of  Curvature  B  O,  drawn  every  where  in  the  feve- 
feXfeiteU  B,  mopf  he  cut  hy  the  Jbns  A  G  in  C^  in  a  given  Ratioy  or  fo 
thatrt  nk^  heBO  .BC::  I  .n. 

Slfm  are  to  he  conftrulled  the  frajeSories  E  B  F,  which  Jhall  cut  tb^ 
fMiatX:ecr*ves  A  B  D  ^ /  right  Aisles. 

fhfi  Part  of  the  Solution.]  To  find  the  Curves  ABD,  which  are  to  be 
bit  I .  Drawing  the  Ordmate  S  H  perpendicular  tso  the  Axis  A  G,  make 
*eAhfi3l&^^ttt«,theOidjiiatc/f5a:x,thcCurve^5  =  v.    Then 

bythedirea  Method  of  Fluxions  it  will  be  BC=1^,  and  if  1;  flows 

z 

*irf<»Tiily,  iO"t±-^.  -Whence  by  the  Condition  of  the  Problem  *tis 
BO  fZ!^\  .  B  C  /'lil'N  ::  1  .  »,  and  therefoiea:  x^n  z'x=  o. 


m-'"(Hr-'- 


2,  This  Equation  being  compared  with  the  fecond  formula  of  Flux- 
lOOSy  at  the  End  c^Prop.  6.  of  the  Method  of  Increments,  there  is  found 

z^r  ^v  a  i  tf>being  a  given  Line,  by  the  Value  of  which  the 
^vsvtABD  miy  be  accomau)dated  to  any  Condition  that  is  annexed 
to  the  Problem. 


3.  Inftead  of  v  its  Value  •  ir»  +<?  *  *^*^    written,    the  Equatioi* 
^'^^=.v  a^  *  is  changed  into  this  2  =  ■     ^^'-     -    ■  Whencez 


4^  Mr.  LcibnitzV  Problem 

is  given  when  xv&  ^ven,  by  the  Quadrature  of  the  Curve*  who^s  Ab- 

MM   Jt 

fcifs  being  x^  its  Ordinate  is  —         ,      — >. 

4.  Let  ff  and  r  be  integer  Numbers,  cither  affirmative  or  n^ative, 
fiTch  as  that  the  fimplcft  of  the  Qirvcs  produced  in  this  Manner  tmj  be 

that,  whofe  Abfcife  ii y,  and  Ordinate  is^i-ZI^+ll?    — !r^,  then 

/        zn  X  — y\  » 

it  will  be  the  fimpleft  of  all  the  Curves,  by  the  Quadrature  of  which 
the  Abfcifs  z  is  given  from  the  given  Ordinate  ;r. 

5.^  The  Curve  ^  5  D  is  a  Geometrical  Curve,  as  often  as  the  Recipro- 
cal of  any  odd  Number  is  aflumed  for  n. 

6.  Hitherto  we  have  confidered  the  Curve  ABD  zs  concave  towards 
the  Axis  A  G,  in  which  Cafe  fhe  greateft  Ordinate  x  is  equal  to  the  given 
right  Line  a^  which  we  may  convenieiitly  pill  the  Parameter  of  the 
Curve.   And  in  this  Cafe  the  Curve  will  aftually  meet  the  Axis.   Whence 

the  Fluent  of —   ^  ^^    —  being  rightly  taken,  that  is,  fo  that  z  and 

X  may  vanifli  together,  th?  Cufve  will  pafs  through  the  given  Point  Ay 
as  the  Problem  requires, 

7.  But  if  a  Curve  A  B  D  ]pt  lequired,  which  is  convex  towards 

the  Axis,  in  the  fame  Manner  wc  fhall  come  tp  the  Equation  z  s 


a^x 


\  which  aifo  may  be  d^ved  from  the  former  Equatipn, 


by  changing  the  Sign  of  n.  And  in  this  Cafe  the  Curve  ABD\&  Geo- 
metrical, as  often  as  the  Reciprocal  of  any  even  Number  is  taken  for  n. 
But  in  this  Cafe  the  kaft  Ordinate  x  is  equal  to  the  Parameter  a ;  and 
therefore  the  Curve  no  where  meets  with  the  Axis.  Therefore  the  Pro- 
blem is  limited  to  the  former  Cafe. 

8.  From  the  foregoing  it  is  eafily  concluded,  that  all  the  Curves 
ABD  are  fimilar,  and  fimilarly  ppfited  about  the  g^ven  Point  A^  their 
homologous  Sides  being  proportional  to  the  Parameters  a. 

The  other  Part  of  the  Solution :  Or  the  Invention  of  the  cutting  Curvc^ 

9.  From  §.  2.  tisi.i  ::a»,;tf».  Butit is JJC-J//::  v.i.  There- 
fore it  is  5  C  .  J?  H ;:  tf« .  ^  .  But  from  the  Condition  of  the  Problem 
jB  C  is  a  Tangent  to  the  Curve  fought  £i?jF.  Whcrrforc  if  we  take 
now  AH  (z)imdBH  (x)  for  Co-ordinates  of  the  Curve  E  BFy  the 
Curve  itfelf  E  B  bemg  calPd  r  •,  it  will  be  by  the  dired  Method  of  Flux- 


>9n»  r.^x;:(BC.BH::)a».x».     Whence  it  is  l^sZLT. 


I0« 


tcl\.  VfL  JV.  Fare  I 


I 


r 

I        •  ■   •  ■         • 

[  concerning  Oitva /oh*i,  49 

;  • 

10.  In  the  Cuire  >(f  B  I)  imagine  the  Eqiiaticm  z  = --===r========s 

to  be  transform'd  into  the  Equation  2  =  dJUl  J^il^j^  ^JLH^,  ^c. 
which  is  not  aflfeftcd  with  Radical  Signs ;  then  by  returning  to  the 
Fluents  it  wiU  be  z  =  --l-  x-lj^'+-l- x  ^^^'"'+-i-x 
zJHm^  t?r.  where  no  new  Coefficient  is  introduced,  becaufe  by  the  Con- 
dition  of  the  Problem  z  and  x  arc  nafcent  at  the  fame  Time.    Here  in. 

ftcad  of—  fubftitutbg  its  Valuell!!,  as  found  §•  g.  we  Ihall  have 
a"  r 

z=s — I — ^xxHiL^ ' — Bxx  ?L,{5?f.whichisafluxiona! 

Equation  of  the  firft  Degree  belonging  to  the  Cunre  required  EBF. 
Now  diis  is  reduced  to  a  more  funple  Form  in  finite  Terms  after  the 
following  Manner. 

11.  Letr  flow  equably,  and  a  being  a  conftant  Quantity,  make 


--x  _f 


.    This  Value  of — ^  being  fubftitutcd  in  the  Equation  laft 


s 

X 

.    Z  S  I       ..-rfi'  +  *     .  I  5j3  «  +  » 


found,  and  the  Equation  being  mulriply'd  by  ~,itwillbetransformM 
i«othis^'=— L-xtliUln L_x£i.lll!,  €j?i:.whence  taking 

thcFluaoM,itwiUbeifiLtiiilriii5=s^;xJl-  +  5;xi?!.  &?f. 


J/' 


•tf«» i»» 


:.    Tlus  laft  is  manifeft  from  the  Analogy  of  the  Series 


«■     ej J    >•  ..  J» 


Ax  x^^c.aadj'sx'—,  ^c.    Here  for  *  and  /fubftituting  their 
Vol.  IV.  H  Value* 


Values  derived  from  the  Equation  — 7-^-^-—^  there iviliarifc  the Equa- 

r      ^ 

tion  nt*  zz  — Ic  xiz-^  nx  x  z^  —  x  xx*  :=zo\  whjch  is  reduced  to 
firft  Fluxions  in  the  following  Manner* 

1 2.  In  the laft Term  ^xxx  *  inft?a4  o(  x  x  writing  its  Valup  — ;?  z,  and 

•  •  ••  ••• 

then  applying  the  Equation  to  «,  there  arifes  »x*z  —  x  x  z  —  n  x  x  z 

^  xxzz=zo.    Wluch  E<juatiop  multiply*d  by  x - « - » is  thp  Fluxion 
of  the  Equation  — -  i  x  -•  2:  4-  x  '-«  z  =  4a  *-«  r,  the  Quantities  a  and 

r  being  conftant.    Therefore  this  Equation,  or  zx  —  zxxa''-^  =  rs^ 
is  a  fluiponal  Equation  of  the  firft  Degree,  belonging  tp  the  Curve  fought 
EBF.  '  . 

13..  Now  in  this  liquation  a  is  the  Value  of  the  QrcJipgte  Bff^  when 
the  Point  H  falls  in  the  Point  J. 

14.  It  will  not  be  very  cafy,  while  n  continues  to*  be  general,  to  bring 
tW?  SaWW»  tft  ^  Bgyariojri  inyolvipg  only  Fluents^  o^  to.  the  Quad»- 
ture  of  Curves.  But  the  Points  of  the  Curve  EBF  may  convmiently 
be  found  by  the  Defcription  of  the  Curve  yf  5  A  and  of  a  certain  Geo- 
metrical Curve.  By  a  Geometric^  Curve  I  underftand  one,  into  wkofe 
Equation  no  Fhixions  enter,  nor  Fhients  intathe  Indices  oi  the  Pbwers. 
For  let  the  Curve  J  B  Dj  whofe  Parameter  is  tf,  be  cut  in  ^%  a  GiKH 
metrical  Curve  whofe  Equation  is  Aa'' x^" ^  za^  x^  =  xa«  i/  a^—x^  5 
then  that  Point  of  Interfeflion  B  will  -be  in  one  of  the  Trajeftories 
fough$,  wfcicfe  piiff?s; tfewgh the  Poipj:  EiAE  bping  equal  to  o^  and 
perpendicular  to  AG. 

15.  Hence  if  ^5  D  be  a  Geometrical  Curve,  £  J5  F  will  alfo  be  a 

Geomettical  Curve.  

SchoUum.  The  Equation  zx^  zxxa''''^  =r  a*  may  be  found  ano- 
ther W^.    For  by  a  cert^  AnaLyfis,  ^hich  at  this  Time  I  think  lifi  txx 

conceal,  I  have  found  the  Equation  1= . .  ^  ^    .  ,  which  being  com- 

*      zz-^xk 

pared  with  the  Equation  J^=Zlf-  (§.  9.)  by  eliminating  *  and  i,    we 


1 


at  laft  arrive  at  the  foregoing  Equation  zx —  zxxa»-^  =  rx^  * 

Example.    A  very  fimple  Exaii)ple  may  fufHce  <o  prove  the  Truth  of 
this  Sohition.  '  Make  ;i  =  i,  in  which  Caft  ^  5  Z>  will  be  a  Semicirclfe 

deigrib'd 


fhe  ConftfuHim  dnd  MeafuN  of  Curves.  5 1 

dcfcribed  with  the  Diameter  A G ;  alfo  E  BF  will  be  a  Semicircle  like- 


wife,  defcrib*d  with  the  Diameter  AE.     But  in  this  Cafe     „ 


X  X 


Whence  in  §.  3.  tis  z  =  - — ,rT== .      Therefore  2  =5 


•a*  —x^  ^  a^'— 


^  _  </  tf*  —  ;^  ,  which  is  an  Equation  to  a  Circle,  defcribed  with  the 
Diameter  AG-ttla^  as  it  ought  to  be.     Alfo  for  n  writing  1,  the  Equa- 

tion z X —  2XX tf *-'  =  rx"  is  changed  into  zx  — zxz=ir  x.  Whence 
eltterminating  r  by  McanS  of  the  Equation  rr  =  xx  +  zz^  there  arifes 
2ZZX'^xz^^  — ^^  ^j  therefore  returning  to  the  Fluents,  it  will 


he—  =  —  x-^aj  which  is  an  Equation  to  a  Circle  defcribed  with  Di- 

X 

mttcv  AEi=zai  as  it  ought  to  be* 

XII.  Whereas  in  every  Curve  Line  there  is  a  certain  R^larity  cH  Con^ruaion 
Curvature,  tho*  perhaps  involved,  according  to  which  the  figure  is  de-  «««^^-f«>^^ 
termin'd  \    thercfiwe   Geometricians  de6ne  the  various  Charaders   of  j^^  cTMac- 
Curves,  by  an  Equation  exprelSng  the  Relatibn  of  the  Ordinates  to  thehuHn^n.  3s6< 
Abfciffes  of  any  Axis  or  Diameter.    Now  Iince  the  fame  Thing  may  be  p.  803. 
done  from  the  Confideration  of  the  Curves  in  refpeft  of  one  given  Cen- 
ter<  nay  the  moft  (imple  Uniformity  of  Nature  often  requires  this  Ihould 
be  done  in  this  Inquiry  j  therefore  we  fhall  have  Recpurfe  at  prefent  to 
this  Method  of  confidering  Curves,  and  firft  we  fhall  fhew,  how  eafy  ic 
will  be  (according  to  this  Method  of  determining  Curves,  by  the  Affift- 
ancc  of  the  Arithmedck  of  Infinites)  to  dferivr  the  mcffe  complicate 
from  the  Iimple  ones. 

Sea.  i%]  Let  the  Points  L  and  /  be  as  neaf  as  may  be  in  the  Curve  ^'^i*  '5^ 
B/£ ;  let  /  ^  be  an  Arch  defcribed  with  Center  5i  perpendicular  to  5  Z!, 
BodLl  will  be  as  the  Moment  of  the  Curve,  and  L  tf  the  Moment  of- 
the  Radios  SL.  And  if  the  Ratio  of  LI  to  Lo  be  given,  or  to  to  in 
the  Diftance  SL^  the  Equation  of  the  Curve  will  be  gjiven  at  the  Center 
5.  Let  L  P,  tpy  be  Tangents  to  the  Curve  \xi  the  Pbint^  i  and  /,  up- 
oa  which  from  S  let  be  drawn  the  Perpendiculars  SP^  S_p^  meeting  them 
b  the  Points  P  and  p.  In  like  Manner  upon  all  thje  Tangents  of  the 
Curve  list  Perpendiculars  be  drafwn  frmiithc  giveri  Pohit  4S,  and  aXurve 
irtll  be  conftrufttfd  paffing  through  all  the  Interfcftions  of  the  Tangents 
and  Perpendiculars,  The  Elementary  Triangle- of  tHis  P  np  will  ht  fi- 
milar  to  the"  Triangle  £^/,  which'  theitfote  will  be  given  froni  the 
given  Curve  BIL.     For  bccaufc  of  equal  Angles  S»P^  PnL^  and  the 

Ha-  right^ 
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right  Angles  Spn^  S  P  L,  the  Triangles  Spn^  P  nL^  will  be  equi-an* 
gular,  and  therefore  P  n .  pnWLn  ,  SnV.Lo  ,lo.  Likewife  becaufe 
of  equal  Angles  P  np,  SnL^LoU  the  Triangles  Pnp^  S  n  L^  L  o  l^ 
will  be  fimijar.  Siore  therefore  there  is  the  fame  Ratio  of  LI  to  I  o,  as 
of  Pp  top  ny  and  ^X  to  5  P  ;  it  is  plain  that  the  Ratio  of  L  I  to  I  o  being 
given,  and  the  right  Line  S  L,  the  Ratio  of  Pp  to  pn  will  be  given, 
and  the  right  Line  5  P,  and  therefore  the  Curve  DP  p.  And  by  the 
fame  Method  a  third  may  be  conftrufted  from  D  P,  and  from  this  a 
fourth  ;  and  by  proceeding  thus  an  infinite  Series  of  Curves  may  be  de- 
rived, all  which  from  one  that  is  known  will  become  known.  Now 
p.  j^  if  LN  and  in  are  eredted  perpendicularly  upon  the  Radii  5  /,  5  /,  meet- 
ing one  another  in  n ;  and  if  uirough  all  the  Points  of  perpendicular  Con- 
courle  that  arc  alike  defined,  a  Curve  EN  is  defcribed  :  That  will  be 
the  very  Curve  from  whence  B  L  may  be  deduced,  by  the  fame  Method 
as  we  conftrufted  D  P  from  B  h.  In  like  Manner  another  Curve  may 
be  conftrufted  from  E  iV,  and  on  this  Side  likewife  an  infinite  Series  of 
Curves  may  be  conftrufted. 

Sect.  2.]  But  of  all  the  Curves  produced  in  this  Manner,  the  mofl: 
.  fimple  will  be,  in  which  L  /  is  to  L  ^  in  the  Ratio  of  fome  Power  of  the 
Radius ;  fo  that  if  ^  be  a  given  Quantity,  and  r  denotes  the  Radius  of 
the  Curve,  and  n  any  Number  whatever ;  it  may  be  as  L  /  to  /  ^  fo  tf*  to 
r" ,  which  will  be  their  general  Equation.  But  all  thefe  will  have  an 
Apfid,  when  r  r=  tf,  becaufe  in  that  cafe  Llz=.lo.  To  inveftigate  the 
Equation  of  the  Curve  D  P  ;  fince  in  £  I.  it  is,  as  L  /  to  /  (?,  fo  is  a""  to 

r'' ,  fo  is  r  to  5  P  = ,  fois  a  TTTx  SPt+T  to  5  P^  fo  is  a  7+T" 

to  S  P^^TTTy  fo  is  P/  top  n.    Therefore  if  jreprefcnts  the  Moment 

of  the  Curve,  y  the  circular  Arch  defcribM  by  the  Radius  from  the  Cen- 
ter 5,  and  r  the  correfponding  Radius  •,  whatever  the  Curve  be  whofc 
Equation  is  fought,  the  Equation  of  the  Curve  B  L  will  hti  .y  lla"  . 

r»  .    But  the  Equation  of  the  Curve  DP  is  i  .^  ::  air+1 .  rT+1.  And 

the  AnglePgp  will  be  to  the  Angle  I,  ^/,as--|^  is  to  ^^  ,  or  as  -^  ^ 

S  P         S  L  S  p 

bto|:i,  orasf-tol",  if5i>=:;r,  a^d^L  =  ri  that  is  (becaufe*  = 
SL  X      r 

!1I — !)  asilnii-risto^,  or  as»+  ito  i.    Hence B S PistoB SL 
a"  r  r 

as 
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as-8-f  I  to  I  ;  whence  the  Curve  B  P  may  be  drawn  more  eafily,  with- 
out the  Affiftance  of  the  Tangents.    If  the  Angle  BSPtoB  S  Lis    ^'S-  »^' 
taken  in  the  Ratio  of  »  +  i  to  i,  and  a  Perpendicular  is  let  fall  from  L 
upon  5  P,  the  Meeting  of  the  Perpendicular  with  S  P  will  be  in  the 
Curve  B  P,  which  was  defcribed  before  by  the  Help  of  the  Tangents. 

Sea.  3.]  We  have  fhewn  how  from  one,  an  infinite  Series  of  Curves 
may  be  deduced  ;  I  (hall  now  go  on  to  demonftrate,  how  the  I^engths.  ^^8-  *^' 
of  each  may  be  known,  from  the  Lengths  of  that  and  another  being 
given.  Since  the  Angle  S  Pp^SLl^  andL.5  /  is  to  P5^  as  i  to  ir+i  s 
L/willbetoPj>as^Lto»+  1  SP  ; or (becaufe  of  <? L  .  S  P  11  L  I . 
loj)  3sL  Iton  -\-  I  lo\  and  therefore  Pp=:  n-^  i  1 0.  But  /  0  =  In 
—  on— In  —  Ln-^Nn.  Therefore P/>  =  »  +  i  x in^ LN+  Nnl 
But  In  —  L  » is  the  Moment  of  the  right  Line  L  TVperpcndicular  to  SLi 
Pp  is  the  Moment  of  the  Curve  Bp  •,  and  Nn  \s  the  Moment  of  the 
Curve  B  N.  And  fince  BP^BN^B  L^  vanifh  together  in  5,  they  will 
be  in  the  Ratio  of  their  Moments,  and  therefore  BP  =  »  +  i  x  BN-^LN. 
Whence  the  Curve  iJ  P  is  to  the  Sum  or  Difference  of  the  laft  Curve  but 
one  in  the  Series,  and  its  Tangent  intercepted  by  the  intermediate  Curve,, 
as  «.+  I  to  » ;  or,  putting  m  for  the  Index  of  the  Equation  of  the  Curve 

B  P,  (becaufe  m  =  — ? — )  as  i  to  i  —  «i. 

Hence  firft,  in  the  infinite  Series  of  Curves  above  defcribed,  if  the 
Lengths  of  two  of  the  neareft  are  given,  the  Lengths  of  all  will  be 
given.  For  the  Meafure  of  every  one  depends  always  on  the  Meafure  of 
the  laft  but  one  in  the  Series,  and  therefore  one  Pair  will  fuffice  for  mea- 
furingall.  If  one  Curve  IB  coramenfurable  to  right  Lines,  or  incom- 
menfurable,  half  the  intire  Series  will43e  commenfurable  to  right  Lines, 
or  incommenfurable.  Hence  fecondly,  altho*  the  Curves  B  P  and  B  N 
ftould  be  incommenfurable  to  right  Lines,  yet  the  Difference  of  the 
Curve  B  P  from  n  -f  i  Part  of  the  Curve  B  iV,  would  be  equal  to  an  af- 
fignable  right  Line.    Thirdly,  if  the  Curve  paffes  through  5,  the  right 

Line  L iV vanilBing  in  5,  it  wUl  be  J5  P  5  =  ^^^  . 

I  — m 

Seff.  4.]  Of  all  the  Curves  about  which  we  have  treated,  whofe  Property  is 
s  .ylla' .  r*  ;  theCircle  is  the  moft  remarkable,  5being  in  the  Circumfe- 
rence whofe  Equation  is  j  .^ :  I  tf  .  r,  as  is  evident  from  the  Similitude  of  the 

»  +  i 
and  the  Equation  of  the  Curve  B  P  will  be  j .  ^ : :  ^  4  .  r  4,  which  is  the* 
very  Equation  of  the  Epicycloid  defcribed  by  the  Revolution  of  a  Cir- 
cle upon  a  Bafe  equal  to  itlelf,  to  the  Point  where  the  defcribing  Point 
touches  the  Bafe  -,  which  Mr.  Pafchal  calls  Mr.  Rohervafs  Snails  and 
which  Mr.  de  la  Hire  confiders  as  a  Conchoid  with  a  circular  Bafe,  in  the 

Memoirs 


Triangles  Lolj  BLS.  Therefore  n  =  i, and  confequently  m= — - —  =  ^  -,. 
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Memoirs  of  the  Academy  ofParis^  An.  lyoS.  All  the  Perpendiciibfti 
LNy  In^  concur  in  the  Point  5,  and  therefore  BN:=zo.     Whence  B  F 

_BN+NL^  2  fi L.    Therefore  the  whole  Curve  BPS^iBS^ 
I — m 

or  the  Length  of  the  Epicycloid  is  always  double  to  the  Chord  of  the 
correfponding  Arch  in  the  Circle.  Secondly^  From  th€  Epicycloid  let 
the  Curve  J?  n  5  be  dcfcribcd,  in  the  fame  Manner  as  we  defcribed  the 

Epicycloid  from  the  Circle.    In  this  Cafe  »  =  4^  ^d  m  = =  .Z 

^  »+i     4  +  1 

3=  ^5  ^^^  therefore  the  Equation  of  the  Curve  Bl^S  will  hts  .y  i:  a'^ . 

r^.    The  Length  of  the  Curve  will  be  ^Jl±JiL  ==  4  x  BL^LP 

I — m 

zi^ix  BL+LGi  and  therefore  5  n  is  fefcuple  the  Sum  of  the  circu- 
lar Arch  and  its  right  Sine.  Now  jf  we  take  C  Dz=l  B  D^  and  with  Ra- 
dius S  D  and  Center  S  defcribe  a  Circle  meeting  the  right  Line  S  P  in  /?, 
ond  HK is  made  perpendicular  to  B S  -^  becaufc  DH^  i^B Lj  it  will 
be  B^  =  DH+HK.  Hence  the  Arches  5 n  are  neither  commenfu- 
rable  to  right  Lines  nor  to  circular  Arches,  yet  the  DiflTerence  of  the 
Arches  B n  and  D  His  the  right  Line  HK.  The  Line  L G  vaniflies  in 
the  Point  5,  and  therefore  BUS  is  =  i  B  L  S  -^  whence  the  whole  Curve 
is  fefcuple  of  the  Semicircle.  Yet  no  Part  of  this  affignable  Curve  can 
be  commenfurable  to  the  whole,  nor  is  the  intire  Curve  divifiWe  in  any 
given  Ratio,  fo  that  the  Portions  may  have  an.  aflignable  Ratio  to  one 
another  or  to  the  whole.  If  this  Curve  could  be  divided  Geometrically  iir 
any  given  Ratio,  the  Quadrature  of  the  Circle  would  be  compleated« 
For  Inftance,  if  it  were  ^  n  to  j5  n  5,  as  i  to  m,  and  BLtoBLS  2a  z 

to »,  it  would  be5  n  =  l^=l?Jll^l!^az  i  x  BL^hLG. 

m  2m  2  m 

Whence  it  would  be  ^L  =^A^and  BLS^^^^   L  G.     nirdfy^ 

n — m  n-^^m 

by  the  Method  already  explained,  from  5  n  5  let  the  Curve  BRht  con* 
^TUiSbed  }  and  becaufeff  =  4,  it  will  be  »  =r =e  4*  and  tlie  £qua« 

tion  of  the  Curve  B  R  will  hts.ylla^.r^    Hence  the  Length  of  the 

Curve  will  be  4  X  2  5  L  +  P  n,  and  the  whole  Length  of  the  Curve 
B  RS  is  \  of  the  Diameter  SB.  If  the  ConftruAlonfr  of  thefe  Curves  are 
continued,  there  will  arife  fuch  a  Series  of  EquatiDn'  as*  thi»  following, 
which  is  eafily  continued  atPleaiurer 

Tfce 
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The  Equation  of  the  Circle,     i.    s  .yll  a    .  r . 

»      •» 

Of  the  Epicycloid.  3.    s  .  y  II  d^  .  r^. 

*      •         >        > 

Of  the  Second.  3.     s  .  y  II  d^  .  r"^. 

Of  the  Third.  4.     's  .  y  V.  a^  .  r\ 

Of  any.  5.    i  .  j  IJ  tf •  .  r«. 

Here  it  may  be  obfcrred  in  general^  that  all  thofe  are  capable  of  per- 
fcd  Rcdtification,  the  Denominators  of  whofe  Indices  are  even  Numbers  5 
and  iiDce  tv^ry  one  to  that  bef^^-e  it  is  as  1  to  x  — -  ^r,  it  will  appear  to 
any  one  that  confiders  it,    that  the  Length  of  any  Curve  will  be 

,  ■JL-x'^^^x'^^^'^x^"^^^,  y<r.  X  S  B,  continuing  the 
i  —  m     I  — r  3  »»     i-^5»:     ^  —  7  «• 

Series  till  the  Fra6tioi>  is  reduced  to  notbiog.  Kow  if  the  Denominator 
of  the  Index  be  an  odd  Number,  the  Curves  will  be  incapable  of  per- 
feft  Re6tification,  and  any  of  their  Arches  will  be  incommenfurable  to 
each  other,  to  the  Wholes,  to  any  right  Lines,  and  circular  Arches :  Yet 
all  may  be  expjjeffed  by  circular  Arches  and  right  Lines.    But  the  total 

Length  of  any  Curve  will  be  tp  the  Semicircle,  as x — — 

I  —  w     I  —  3  i» 

X  1  —  4  ^  ^  i^c.  to  Unity.    Lajily^  if  the  little  Area,  defcribed  by  a 
I  —  5  i» 

Body  rev^\mg  in  ^y  one  of  theft,  be  taken  as  conftant,  that  is,  if  r^ 
=:  I,  the  Sub^nfe  of  the  Angle  of  Contaft,  to  which  (becaufe  of  the 
Trnie  being  given  if  the  Area  is  ^en)  the  Centripetal  Force  tending  to- 
S  wi&always^be  proportional,  will  be  reciprocally  as  the  Power  of  th'j 
DUbnce  whofe  Index  is  2  i»  -f  3.  And  this  is  no  contemptible  Privi- 
lege of  thefe  Curv^,  that  in  aJI  of  them  the  Centripetal  Force  tending  to 
S,  is  as  ibme  Dignity  of  the  Diftance  reciprocally  \  which  is  the  moft 
fmpJe,  andmeft  ufeful  Law  of  Centripetal  Forces^  in  fearching  into* 
Nature. 

Sea.  5.]     Of  all  the  Curves  in  which  s  .ylla  .  r  ,    the  right  Line    Fig.i^j. 
itfelf  is  next  to  be  confider*d,  (which  is  indeed  properly  called  a  Curve) 
the  Point  S  being  without  that  right  Line,     In  this  Line  becaufe  of  fi- 
roilar  Triangles  Pp  »,  PB  S,  it  B  S  =3^^,  and  S  P  =  r,  it  will  be 

s  .yil  r  •  a.  By  the  dirc6l Method  nothing  can  be  conftrufted  from 
(be  right  Line  but  the  Point  B  ;  but  by  the  inverfe  Method,  or  from  the 
Concourfe  of  the  Perpendiculars  P  L,  j)  /,  a  Curve  may  be  conftrudted, 

•'  whofe 
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whofe  Index  will  be  cqval  to ,  if  m  be  the  Index  of  the  Curve  B  P, 

For  if  the  Index  of  the  Curve  B  L  is  ir,  then  it  will' be  m  = ? ,  and 

therefore  n  = . —    Whence  in  this  Cafe,  fince  w  =  —  i,  it  will 

I — m 

be  »  =  mi,  and  the  Equation  of  the  Curve  B  L  will  be  j  •  ^  I :  r^  .  a^^ 

which  is  an  Equation  of  the  Parabola  in  refpeft  of  its  Focus.     From  this 
conftruft  another,  :by  m^ing  the  Angle  LSN  =.LSB,  and  raifing 

L  N  perpendicular  to  S  L,  meeting  S  N  in  N.    Now  bccftufc  m  =  IH-i 

2 

it  will  be  n  =  JlHiand  the  Equation  of  the  Curve  will  h^s.y  II  r^  .d^  ^ 


h 


BN  — LN 


and  B  P  =rJ rJ-.  =  4:B  N  —  L  N,    and    therefore   B  N« 

2  B  P  +  L  N  ;  and  therefore  this  Curve  is  reftifiablc.  If  the  Series  is  con- 
tinued, the  Equations  wiU  arife  as  before  in  this  Order. 

Equation  of  the  right  Line,  s  .  y  i:  r    .a. 

Of  the  Parabola,  i  .y  ::  r^  .  aK 

Of  the  Second^  s  .y  11  r^  .  a"^. 

Of  the  Third,  s  /y  11  r^  .  a^. 

Of  any,  s  .y  11  r«  .  a  «. 

In  this  Series  the  firft  are  the  right  Line  and  the  Parabola,  whence  it 
appears  that  half  this  Series,  as  well  as  the  former,  are  commenfurlble  to 
right  Lines  *,  and  the  other  half  may  be  exhibited  by  right  Lines  and 
Arches  of  a  Parabola.  In  all  thefe  the  Centripetal  Force  at  S  is  recipro- 
cally as  that  Power  of  the  Diftance,  the  Index  of  which  is^  3  —  2  is» ;  and 
therefore  is  always  between  the  duplicate  and  triplicate  Ratio  of  the  Dis- 
tance reciprocally. 

Seii.  6.  J    The  Equation  of  the  Equilateral  Hyperbola  at  the  Center  is 

•   •       *     * 

s  .yllr  .a  .    From  which  by  the  dired:  Method  fuch  a  Series  may  be 

deduced. 


I. 
2. 

3- 
4- 


'y 

-y 

y 


s-'-y 


%  % 

r    .  a   . 

%         % 
a    .   r  . 


a^  .r^. 


a*"*  .  r*"-'.  Of 
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QTtheie  Curvc%  thofe  the  Doiosunators  of  whofe  Indices  are  in  this 
Progrcflion,  —  1,  3,  7,  1 1,  fe?r.  may  be  exhibited  in  right  Lines  and 
Arches  of  the  HypeiAx>la  \  the  reft  in  right  Lines  and  Arches  of  the 
Curve,  whofc  Equation  to  the  Axis  AB^  (making  x  the  Abfcifs,  and  y  xixt 

Ordinate)  isxx+^yi*  =  tf  »  ^^  •  y  ^  and  which  is  conftruaod 
{^nFig.  i7.)by  bifedting  the  Angjfe  JS5L,  and  taking  5  iV  a  mean 
Proportional  between  5  B  and  5  £.. 

The  Curves  which  may  be  conftrudcd  from  the  Hyperbjola  in  the  in- 
Verfe  Mediod^  proceed  as  in  this  Series*     •  *  # 

Of  the  Hyperbola^  l.    i  .y  \\  r    .  a  . 

.      .'        *        * 

3*   s .  y  ::  f^  i  iL^. 


3.    i  .  jr  ::  r^  *  a^. 
where  the  CurVes,  the  Denominators  of  whofe  Indices  are  in  the  Pro* 
girfficHi  ii  5>  99 13»  &^.  may  be  eiqpreIsM  in  right  Lines  and  Hyperbolie 
Arches  \  but  the  others  in  nght  Lines  and  the  Arches  of  the  Curve  juft 
now  exolain'd. 

If  otner  Curves  were  defired  which  ihould  exhibit  other  Series,  this 
may  be  done  very  ealUy  by  Means  either  of  a  Circle  or  of  a  right  Line. 
For  by  one  of  them  all  the  Curves  may  be  conftru£ted^  ia  which 

i  .yWa  .t  \  by  taking  (if  the  Problem  is  to  be  folved  by  Means  of 

thcCirgle)  ait5toS5Lasi  to«,and5iV^inS/2  =  ^  *   x  5  £  ^! 

For  the  Equation  of  the  Curve  drawn  through  all  the  Points  JV.  will  be    ^4-  *^- 

i .  jr ;;  a.  .  r  *    In  like  Manner  Curves  may  be  conftraded  by  Means 

ef  a  right  Line,  whofe  Equation  will  \x.b  .y\\r  .  a  . 

We  have  exhibited  two  infinite  Series  of  Curves,  that  are  commenfu«> 
lable  to  right  Lines  -,  we  have  demonftrated  another  to  be  eommenfu^ 
Ftfble  to  circular  Arches,  another  to  Parabolical,  another  to  Hyperbor. 
lical  together  with  right  Lines  j  but  thofe  feem  reducible  to  theMeafurt: 
of  ri^t  Lines  by  infinite  Art  only,  as  they  are  exprcflcd  in  right  Linei^  V  ^-  ' 
only  oy  an  infinite  Equation. 

Xin,  Whereas  the  great  Newton  has  not  extended  his  Method  for  de(cri^ 
bing  Curves^to  thofe  of  the  third  Order  which  arjt  without  a  double  Poitit,^^A«N 
or'to  thofe  of  an  higher  Order  deftitute  of  a  punffum  multiplex  ;  and  P^^iiy  «^(^*^ 
nounces  their  Defcription  to  be  reckoned  among  the  more  difficult  ProrGoiv^  iy 
Hems  of  Geometry  •,  I  hope  the  following  Method  ^ill  not  beuoaccep'Wr.  c  Mac- 
table  to  Geometricians^  by  wWch Geometrical  Curves  qf  any  Order  arc'?""'*''*-  3J9- 
coaftrufted,  (by  the  Help  only  of  giveri  Angl^s^apd  Right  Lincs^j  though?'  ^^^* 
dicy  may  be  without  zpunSum  duplex  ot  multiples,  -;    j,; :  ;  •* 

I.  Unes  of  the  firft  Order  arc  only  right  Lmes'  themfelvcs,  which 
can  meet  one  another  only  in  one  Pomt.    Lines  of  the  ftcond  Order  arc 

YoL.  IV.  I  Conic 
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Conic  S!c(?Hons,  which  canttot  be  cut  by  a  right  Line  in  nlorc  than.  two- 
Points.  Now  ail  thefe  n)ay  be  thns^cohftruded,  according  to  J^em:  21. 
Lib.  I.  of  NewtBiC%  PriHcipia.   Let  two  given  Angles  M  C  R  and  L  S  N 

Fig.  2o»  niove  about  two  given  Points  C  and  Si  ft>'  that  Q»the  ConcouVfe  of  the 
Legs  C  M»  S  L,  may  always  defcribe  the  indefinite  right  Line  A  E  given 
in  Pofition  5  then  the  Concourfe  of  the  other  Legs  C  R  and  S  N  in  the 
Point  Py  wiH  defcribe  a  Line  of  the  fecond  Order,  or  a  Conic  Sedion.. 

P^.  II.  2.  Let  the  Angle  M  C  R  (as  before)  move  about  the  given  Point  C  ; 
and  the  given  Angle  L  N  Q  by  its  Angular  Point  N  always  run  over  the 
given  right  Line  A  E,  fo  that  the  Leg  N  Q  may  always  pafs  through . 
^  the  given  Point  S.  Firft,  if  the  Concourfe  of  the  Legs  C  R  and  S  N>. 
and  alfa  the  Point  Q,  be  drawn  through  the  infinite  Lin©  A  B,  the  Con- 
courfe of  the  Legs  CM. and  N  L  will  defcribe  a  Curve-line  of  the  third 
Order,. having  a  double  Point  in  C.  Secondly,  the  reft  remaining  as  bc- 

Fig.  22.  forcj  if  the  Concourfe  rf  the  Legs  C  M  and  N  I-  is  drawn  through  the 
indefinite  right  Line  A  fe  y  the  Concourfe  of  th^  Legs  C  R  and  S  N  ia^P, 
will  defcribe  a  Curve  of  the  third  Order,  having  a  double  Point  in  S. 

>ig,  23-  Example  of  Cafe  1.  Let  the  Andes  M  CR  and  L 1^$  be  right  An- 
gles, and  A  E,  D  B,  C  S,  be  paralleli  alfo  let  S  A  and  S  D  be  oerpcivr 
dicular  to  A  E  and  D  B  refpedivcly,  and  let  S  D  =  2  S  A*  Thefe  tUngs 
fuppofed,  if  SD  be  lefs  than  the  Line  C  S,  a  Curve  defcribed  according 
to  the  Rule  of  the  firft  Cafe,  will  be  a  Parabola  with  a  Node  and  an  Oval» 
of  the  68th  Species  of  Newton's  Curves.  Now  if  S  D  =:  C  S,  the  Oval 
vanifhes,  and  the  Nodt  becomes  a  Cufpis,  and  the  Curve  fb  deifcribed 
will  be  NeiPs  or  the  femicubical  Parabola.  But  if  S  D  be  greater  than 
C  Sy  the  Curve  will  be  a  Parabola  with  a  Point  ai^d  Campaniformr  of  the 
69th  Spedes. 

jf'     ^  3.  L^t  the  given  Angles  R  M  T  and  K  N  L  move  in  liich  Mannec,  that 

*  Ae  Points  M  and  N  may  run  over  the  indefinite  Lines  B  M  and'D  N  re* 
fpeflively,  and  let  the  Legs  R  M  and  K  N  always  pafe  through  the  giyefi> 
Points  C  and  S.  Firft,  if  the  Concourfe  Q  of  die  Legs  M  T  and  N  L 
18  drawn  through  the  indefinite  right  Line  A  Qj,  then  the  Concourfe  of 
die  Legs  M  R  and  N  R  in  P  will  defcribe  a  Line  of  the  fourth  Order, 
having  two  double  Points,  one  in  C  and  the  other  in-S.     But  fecondly, 

Fiz  tt*     ^  ^^  Concourfe  of  the  Legs  M  R  and  N  K  be  drawn  througji  the  inde- . 
•*    ^     finite  right  Line  A  Q^;  then  the  Concourfe  of  the  Legs  M  T  and  N  L. 
will  de&ibe  a  Line  of  the  fourth  Order,,  which  will  have  no  double 
Point. 

PM.  24.  4-  N^ow  in  the  firft  Ckfe  of  this  Conftruftion,  if  the  right  Lines  C  M  R. 
and  SNK  coincide  together  with  C  S ;  then  the  Points  C  and  S  become 

Fkf  ^     fimple,  and  the  Curve  will  be  of  the  third  Order  without  a  double  Point. 

'«•  »?•  For  Example,  let  the  right  Lines  B  M,  AQ,.D  N  be  parallel  to  one  ano- 
ther, and  all  oerpendicular  to  C  S.  Alfo  let  the  Angles  R  M  T  and 
K  N  L  be  rignt  5  and  if  a  Curve  be  defcribed  according  to  the  Rule  of 
the  firft  Cafe,  the  Legs  CMR  and  S  N  K  wUl  coincide  with  SC-» 

and 
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ttdbythSsC<mftru6Hon  may  be  dercribcd  the  Curves  o^Newttm^  idi 

II,  20,  21,  40,  according  to  the  various  Pofitions  of  th«  Points  C 
ancLS  in  refpcft  of  the  three  right  Lines  B  M,  A  Q,  D  N ;  but  allthcfc 
Species  will  be  without  a  double  Point. 

5.  But  Lines  of  the  fourth  Order,  which  have  a  treble  Pointy  may  be  F^.  tf. 
thus  conftrudtcd.  Let  there  be  three  right  Lines  A  Q,  B  N|  D  M,  given 
in  Pofition.  Alfo  let  the  Angles  QCT,  SNM,  NML,be  g^ven  and 
invariable.  Let  the  Points  N  and  M  rUn  through  the  right  Lines  B  N 
andDM)  fo  that  the  Leg  NQ  may  always  pafs  throug|i  the  given 
Point  S.  Let  QC  T  fo  revolve  about  C,  that  the  Concourle  of  the  Leg^ 
C  Kand  S  N  may  run  through  a  third  right  Line  A  (^  Then  theCon- 
courieof  the  Legs  CT  and  ML  will  dcicribe  a  Line  of  the  fourth  Or« 
der^  having  a  triple  Point  in  C. 

6*  I  have  fliewn  how  Lines  of  Ae  fourth  Order  may  be  defcribed^ 
which  have  a  triple  Point  or  two  double  Points.  Others  having  only 
one  douWc  Point  may  be  dius  converiiently  del^ribed.  Let  there  be 
dute Lines  AQ,  BN,DM,  given  in  Pofition  as  before;  alio  let  the 
AigfcsSNK,  S  ML,  R  CT  be  given.  Let  the  Points  N,  M>  S^  be  ^j.  ^ 
alwys  in  d»e  fame  right  Line.  Let  the  Points  N,  M,  mofvc  as  before  ' 
dirpugb  the  right  Lines  B  N,  D  M  ;  if  the  Concourfe  of  tbe.  Legs  C  R» 
N  Kf  b  drawn  tltfough  the  indefinite  rig|ht  Line  A  Q,  then  the  Con- 
courfe of  the  Legs  C  T,  M  L<  will  defcribe  a  Line  of  the  fourth  Ofder^ 
having  one  double  Point  in  C.  Now  thefe  two  laft  Proportions  iupplv 
us  with  new  Methods  for  defcribing  Lines  of  the  third  Order,  as  well 
thofetfaat  have  double  Points,  as  thder  that  have  none.  But  in  this 
fliort  Specimen  of  our  Method  thefe  muft  be  omitted. 

7.  Let  the  Angles  and  right  Lines  remain,  as  in  Prop.  g.  and  let  the  Fig.  29 
Concourfe  of  the  right  Lines  M  T,  N  K,  now  be  drawn  through  the 
indefinite  right  Line  AQ  ;  and  the  Concourfe  cffthe  Legs  MR  and  NL  will 
defcribe  a  Line  of  the  fifth  Order,  having  a  Quadruple  Point  in  S .  I  Jiavc 
alfo  other  Methods  for  defcribing  Curves  ot  the  fifth  Order,  which  have 
a  double  or  triple  Pointy  or  two  double  Points,  or  none  but  funple  Points, 
but  tiiefe  may  iuffice  to  fhew  the  Simplicity  and  Univerfality  of  the  Me- 
thod. But  it  moft  be  obferved,  that  in  particular  and  Ampler  Circum- 
ftances  of  the  Angles  and  right  Lines,  fometimes  a  Line  will  pafs  into  ^ 
Curve  of  an  Order  inferior  to  that  which  is  explained  in  the  Proportion. 
N^  all  the  Proportions  fuppiy  particitlai'  Methods  of  defcribing  fomt 
Cunrcs  of  every  inferior  Order. 

i*  GemralPropofitim.  Let  right  Lines  be  taken  at  Pleallire  any  Eg.  30. 
wbere  pofited  id  the  &me  Plain,  of  which  let  the  Number  htn\  as  B  N, 
ER,  F  T,  alfo  let  other  right  Lines  be  taken  at  Pleafure,  as  D  M,  G  L, 
HK,(sf<:.  of  which  let  the  Number  be  i».  LettheAiiglesCNR^NRT, 
RTQ,&?f.  aUb  the  Angles  S  M  L,  MLK,  LKC^tff.  be  invariable^ 
wlrilft  die  Angular  Pdnts  N,R,  T,  M,  L,  K,  perambulate  tht  indefinite 
nght  Lines  BN,  ER,  FT,  D  M,  G  L,  H  K  5  let  the  Concourfe  of  the 
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L^  T  Q  andKQbe  di^Wn  thro^  the  indefinite  right  Lane  AQ  r  to  find 
the  Order  o£  the  Curve  which  flxaU  be  de&ribed  by  the  C&ncourfe  of  ffie* 
Leg's  M  with  any  one  of  the  right  Lines  C  N,  N  R,  R  T,  T  Q.^Gfr.  for 
Inftance,  with  the  tine  R  T.  •  »  .  .  ^ 

In  the  Series  of  the  right  Lines  C  N,  N  R,  R  T,  T  Q,  &?f .  let  s  de- 
note the  Number  of  the  right  Line  R  T,  by  the  Concourfc  of  which  with 
S  M  the  Curve  is  to  be  defcribed,  from  the  Line  C  N  inclufively ;  which 
in  this  Cafe  is  the  thirds  or  »  =  7.  Then  will  the  Curve  be  of  an  Order' 
which  is  eyprefsM  by  the  Number  jw  +  j  +  w+i*  Whence  in  the 
Cafe  denoted  by  the  Figure,  fince  j  =  a  =  «  =  3,  the  Curve  will  be  of: 
the  fixteenth  Order. 

In  tbefe  Defcriptions  we  have  only  poftulated,  that  right  Lines  and 
Angles  Ihould  be  jpven.    But  generally  the  more  complicated  Gurves^^ 
are  more  cafily  defcribed  by  the  Help  of  fimpler  Curved,    And  Ifaive 
inveftigated  Propofitions  of  this  Kind,,  not  leis  univerfal  i^han  thefe.    But 
I  omit  thefe  at  prefent,  with  the  Demonftrations  of  thefe,.  becauie  they^ 
wou^d  be  too  prolix,  dip*  perhaps  I  may  publilh  them  heseafter: 

XIV.  In  oixler  to  underlxand  what  follows,  it  muft  be  obferved,  ift^ 
That  as  in  the  Notation  of  Powers,  aaaabbiccii  defigned  by  a^b^  ^,. 
and  univerfally  p  times  the  PoQtion  oia^  ytimes  the  Pqlition  of  ^,  r times* 
the'PoQtion  of  r,  by  tf^^f  f  ,  fo  in  Things  expofed  likewifb;  (unids^ 
where  *tis  propofed  they  ihould  be  all  different)  which  Indices,  as  diey 
have  here  no  ReUrion  to  Powers,  but  exprels  only  the  Occurrences  of 
thoic  Things  to  which  they  refpcdtively  belong  \  I  therefore  calllndicest 
of  Occurrences. 

idlyy  IChat  as  often  as  I  (hall  hereafter  mention  the  Combination  or 
Alternations  of  the/*  q'  r*  or  j',  (which,  confidered  by  themfelves,  are  ca- 
pable of  no  Variation)  I  mean  of  thofe  Things  whpfe  Indices  they  are. 

3^^,  That  m  is  generally  put  for  the  whole  Number  of  Things  expofed,. 
whether  all  different  or  not,  /.  e.  equal  to  the  Sum  of  their  Indices ;  and 
71,  for  fuch  a  Number  of  them,  as  each  Combination  and  Alternatictamuft 
confift  of;  (unlefs  prefuppofed  equal)  which  explains  what  is  hereafter 
meant  by  the  Combinations  and  Alternations  of  i»  I'hings  taken  n  and  n  ^ 
or  of  m  Things  taken  m  and  tn  5  and  the  like  Expreffion,  by  whatever- 
Symbols  the  Number  of  Things,  out  of  which  the  Combinations  and  Alter* 
nations  are  to  be  made,  or  of  which  they  are  to  confift,  may  be  defign'd. 

Lemma  i.]  If  in  a  right  Line,  at  any  Diftances,  be  placed  any  Number 
of  Things  abcdy  ^c.  the  Number  of  the  Intervals  i!i  ^,  b  Cy  c  rf,  &?r.  term^ 
nated  each  by  two  adjacent  Things,,  is  one  lefs  than  the  Number  of  Things. 

For,  whereas  every  Interval  is  terminated  by  two^  adjacent  Things,  if 
to  any  Number  of  Things,  be  added  one  Thing  more,  oncL  Interval  only 
is  thereby  added.     ^  JE.  D.  -  '  .    .      . 

Lemma  2.  ]  The  Number  of  the  Alternations  of  m  Things  abcd^  £^r. 
different  from  each  other,  taken  m  and  w,  is  m  times  the  Number  of  the 
Alternations  of  ^---  £  Things  abc^  tak^  1^ *—  \  and  » ^—  !•• 
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For  (by  Zm.  ifi.)  die  laft  Letter  d^  befides  thePofition  it  hath,  may 
\aEnm — 2  PoTitions,  viz.  in  the  Intervals  which  are  between  i# — i 
TUngs  ahc\  but  it  may.alfo  have  one  more,  for  it  may  be  put  firft  of 
all,  it  may  therefore  have  m  Pofitions  ;  and  thofe  in  all  die  diiFerent  Or- 
ders whereof  w —  i  Thmgs  are  capable  \  which  being  all  the  poffible  Po- 
iidons  of  i,  in  all  the  Varieties  oUabc^  is  all  the  Variety  whereof  the  whole 
Number  of  Things  expofed  abcd^ &f c.  is  capable.    ^  £.  D. 

Lemma  3.]  The  Number  of  the  Alternadons  of  m  Things  «,  ^,  r,  d^ 
t^c  difiocot  etch  from  other,  taken  m  and  m,  b  equal  to  mxm  —  ixm 
m  —  2xm^-^  xm — 49&^.  continued  to  01  Places. 

For  let  w,0  expreis  the  Number  of  the  Alternadons  of  m  Things  de- 
ferent from  each  other-,  m, —  i  O,  of  w —  i  Things,  and  the  like. 

Tis  evident  that  if  i»  =  1,  it  will  be  m  0  =  I9i ;  for  there  can  be  but 
one  Ofdar  of  one  Thing. 

And  if  «i  be  greater  than  Unity,  then  it  will  be  (by  Lem.  2.)  m  0  =  i» 
xm  —  i03:»H«» —  IX  i»— 2  0:=:m  x  m —  i  x  m — 2  x  m  — 3  0=,  (^c! 
till  we  have  an  Equation  confiding  of  m  Places  i  i.  e.  zzmxm-^  i  x 
m  —  2xii»  —  3X  &c.  continued  to  m  Places.    ^  E.'D. 

Lemma  4.]  If  in  •  exprefc  the  Number  of  the  Alternations  ofm  Thmgs 
(fkttit  iff^  &?f.  taken  m  and  w,  and  «  the  Number  of ^,  /9  the  Num- 
ber of  f%  y  thtf  Number  of  r»,  it  will  be  , 
gfXifi — i^m — z^m-^^^m — j^m — 5^  &?f.  continued  to  m  Places. 

«r »  ==  p^p--^p^2^^Fc.  *  ^q^q — i^  £<fc  *  ^r^^?^'^c7y  each  Series . 
continued  to^,  j,  r,  &fr.  Places  refpedively... 

For  the  Number  of  the  Alternations  of  any  Number  of  Things,  how-* 
ever  divided  into  Parts,  is  produced  by  a  continual  Multiplication  of  the 
Alternations  of  thofe  Things  amons  themfelves  refpe£tively,.whi€^  com- 
pofe  each  Part,  into  the  Number  of  their  Alternations  one  amoi^  the 
odier;  i.e.  in  the  prefent  Cafe  (the  feveral  Occurrences  bck)g  fuppofed*. 
to  compofe  the  feveral  Parts,  and  confequendy  the  Number  of  the  Alter- 
nations of  the  Things  compofing  each  Part  equal  to  Unity)  m  at  =  to  the 
Number  of  the  Alternations  of  the  Things  compofing : the.  Parts* one- 
amongft  the  other  •,  but  the  Number  of  their  Alternations  oneamongfl:/  • 
the  other,  is  the  fame  in  this  Cafe,  .as  if  the  Things  expofed,  .bding  all: 
different,  were  divided  into  the  fame  Parts  j  for  the. Things  which  com- 
pofe each  Part  in  both  Cafes,  are  difierent  from  the  reft  of  the  Things 
expofed,  /.  e.  by  Lem.  3.     . 

mi>^m — i^m — i^m — ^^m — ^^m — 5^  fe?r.  continued  to  m  Places.  ♦ 

••=pxp_ix^_i)r£^i.| « x^XjT— 1x1^7:1 0  XrXr—iX(^c. |>  ^^  ^' 
rics  continued  to  ^,  y,  r.  Plates  refpcdtively.    \^  £.  D. 

Lemma  5.]  The  Numb^  of  the  Combinations  of  «i  Things  ahc  d^  fc?f . 
diffemnt  ficom.each  other,  taken  n  and  ^,  is  equal  to 

-zr 5 ~z :     vf^    ^^^  Senc^  continued  to  n  Places* 

*  For-: 


6t  \!%e  DoSirine  of  Combinations  and 

Fcnr  if  the  Things  exposM  be  divided  in  two  Parts,  viz.  in  the  R^ttd 
of  nzndifn  —  »,  'tis  evident  that  their  different  Combinations  taken  n  and 
»,  are  produced  by  the  Alternations  of  the,  Things  compofing  the 
Parts  one  amongft  the  oiher :  And  therefore  the  Number  of  thofe  = 
to  the  Number  of  thcfe  =  to  the  Number  of  the  Alternations  of  m 
Things  taken  m  and  tn^  the  Indices  of  whofe  Occurrences  are  n  and 
^m^m — \^n — i^m — gX  j^c.  continued  to  m  Places, 
'^n^n — 1^  ^c.  X  m — n^m — n — i^  i^c.  each  .Series  continued  to 
n  and  ni — H  Places  refpetftively  (byj>w.  4,)  i.e.  becaufe  »  +  «  — 

ir=«=^'l^'^'?^^  each  Series  trontinued  to'  n  Places. 

But  the  Number  of  the  Alternations  in  every  Combinatioii  is  =«  x  »— i 
x»  —  2X»  —  3x  fcfr.  continued  to  n  Places,  (by  Lem.  3.)  therefore 

Lemma  6.]  The  Number  of  the  Alternations  of  m  Things  abii,  C^V. 
different  each  from  other,  taken  n  and  »,  is  =x  »x»i —  i  x  »—  2  x m 
—  3  X  &ff .  continued  to  n  Places.    ^  E.  D. 

Scholium.']  Since  in  the  Things  expofed  the  fame  Things  ntay  occur 
more  than  once,  and  alfo  n  be  lefs  than  m,  the  Indices  of  the  Occur^ 
rences,  which  are  in  fome  of  die  Combinations  of  m  Things  taken  n  and 
ji,  may  differ  from  thofe  which  are  in  others  ;  but  thofe  Combinations, 
the  Indices  of  whofe  Occurrences  are  the  fame,  arefaid  to  be  in  the  fame 
Form  :  Therefore  whereas  n  is  equal  to  the  Sum  of  the  Indices  which 
are  in  each  Combination  taken  n  and  ly,  if  ^  be  ^prcfled  by  all  Ike  differ- 
ent Combinations  of  fuch  Indices  only  (being  integer  Numbers)  whereof 
no  one  may  exceed  the  higheft  Index  of  the  Things  expofed,  and  being 
more  than  one  in  a  Combination,  are  each  of  them,  which  are  in  the  fame 
Combination,  comprehended  in  a  diftinft  Index  thereof;  thefe  Expref- 
fionS  of  n  will  necdSlarily  be  the  feveral  Forms  of  the  Combinations  taken 
n  and  ir,  whereof  iSi  7'hings  are  capable  :  Whence  is  derived  a  general  The^ 
wem  for  finding  the  Combinations  and  Alternations  of  m  Things  taken 
n  and  n  univerlSiy  ;  /.  <.  Whether  m  confifl  of  ThmgS  all  different  or 
not,  and  whether  n  be  equal  to,  or  lefs  than  m. 

Tieorem.']  If  »  be  exprefled,  according  to  all  the  different  Forms  of 
Combination  which  the  Things  expofed  are  Capable  of, 

fp  =  tht  higheft  Index   f*  =  the  Number  of  p*l  *   ^^^,  -c^^ 
^   \?  =  thcShigj«ft     i»  =  tj;eN„mWrof4'"„^^ 
^^    )r  =  the  next  highefl      J >.  =  the  Number  of  r*  f    -/^^    • 
l/=  the  next  higheft      LcA  =  the  Number  of /J    ^^^ 

'  A  =.  the  Number  of  all  Indices  not  lefs  than  p  1 

:^  the  Number  of  all  Indices  not  lefs  than  q   I    Which  are  ill  the 
'    the  Number  of  all  Indices  not  lefs  than  r    T    Things  es^ied^ 
the  Number  of  all  Indices  not  lels  than/  J 

Md  i:s0LJ^  0t  c szi ^  yfd xc  +  ^^(^c.  J  &y 
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I  iaj  die  Number  of  the  Combinations  of.  si  Things  taken  «,  and  n  m 

m  ooe  Form  of  Combination,  fliall  be  ^x^— 1x^  —  2^^ 

ilX«—  ix«  —  2 

X  CSTf. X  C7f.  X  ty  r. 

^xjJ — I  >xy — I  ^x^  — I 

continued  to  fo  many  Terms  as  there  are  diiferent  Indices  in  the  Form  of 
Combination,   and  each  Term  to  «,  /?,  >,  /,  ^c.    Places  refpeAively,. 
and  this  Number  multiplied  into 
%n-^i^n — ^^n — '^^n — ^^n — g'^n — 6  ^c.  continued  to  n  Places. 

^x^jx^^xy^l  *  x^x^7x'6f7,|  *  ~^r>^ZZiyr(^~^\y  ^  ^^-  each  Sc- 
ries continued  to  ^  g  r^  6?c.  Places  refpecUvely,  fhall  be  the  Number  of 
their  Alternations. 

But  the  Sum  of  all  the  Combinations  and  Akemations  which  are  in 
every  Form  of  »,  Ihall  be  the  whole  Number  of  Combinations  and  Al- 
ternations of  m  Things  taken  n  and  n..  * 
Dmcn/haiion.l    Firft  then  'tis  evident.  That  thofe  Combinations  which 
»c  m  different  Forms,  differ  from  each  other. 

Again,  ^tis  evident,  that  the  Combinations  of  m  Things,  as  ^  If  (f  if 
fip  p  ^  /%  G*i*.  (the  Indices  (imply  conlidered)  taken  n  and  if,  in  a  Form 
wherein  arc  p^  j'  f,  (hall  be  equal  to  the  Number  of  the  Combinations  of 
the  pi,  which  are  in  the  Things  expofed,  taken  «  and  a,  .multiplied  into  the 
Number  of  the  Combinations  of  the  £'  taken  ^  and  i9„  multiplied  into  the 
Ntimbcr  of  the  Combinations  of  the  r*  taken  >  and  >.; 

But  becaufe  p  and  all  lefler  Indices  are  comprehended  in  every  Index, 
which  is  greater  than  themfelves  •,  therefore  is  yif  =  tothf  Number  oif*i 
which  are  in.  the  Things^expofed,  end  for  the  fame  Reafon  would  B  = 
die  Number  of  the  jf,  and  C  the  Number  of  r, :  Bur  the  Number  of  thct 
f^  which  are  in  every  Form  of  Combination;,  is  rr  « j  therefore  is  5'—* 
=  to  the  Number  of  f  ;  alfo  becaufe  the  Number  of  ^  and  <f  together,* 
wirich  are  in  every  Form  of  Combination,  wherein  there  are  j^,  is  =7  *  + . 
%z=,h\  therefore  is  C — ^ ^  to  the  Number  of  r*,  and  fo  on,  how  many 
fecvcr  were  the  different  Indices  in  any  Form  of  Combination. 

But  (}3Y  Lemma  5.)  the  Number  of  the  ComWnations  of  the  />/, 
which  arc  in  the  Things  expofed,  whofc  Number  isyf,  taken  «and'«,  is^ 

^AxA-^ixA^^^  6?^,  continued  to  a  Places,,  and  the  Number  of 

the  Combinations  of  the  ^,  whofe  Number  is  S  —  n,  taken  ^  and  ft  is* 
^g  — tfxB  — cf— t    xB  — ^  — 2^  ^^    continued  to  &  Places,  and 

i8x/3  —  I  X  ^  —  2 

thcNufpber  of  the  Combinations  of  the  r*,  whofe  Number  is  C — b^  takci^> 

> and  >,  is  =   ~    ^ — Zl-I^,  6?r.  continued  to  y  Places.    ^  £.  D. 

But 
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fiut  ctefy  Combination  in  one  and  the  fame  '^orm,  affoitls  the  lame 
Nuinber  df  Alternations :  Therefore  the  Number  «f:Akeniations,  in  any 
one  Form,  is  fo  «iiany  Times  the  Number  of  Combinations,  as  is  the 
Number  of  Alternations  in  any  one  of  thcfe  Combinations.  — 

But  (by  Lem.  4.)  the  Numoer  of  Alternatoons  itt  any  of  thofe  Combi- 
nations fhall  be 
n^n ix»— 2^^ — 3X«— 4^11 — 5^n--6^  fcfr.  cohtinued  to  n  Places. 

.^X^_lX^_2X  £^|  *  XjXj_2X  ^c.  I  ^  X^X^^'I^'^i^  "",  ^^^   ^^^'^ 

continued  to^gr,6fr,  Pljipes  refpcftively.     ^E^  D. 

Now  to  make  an  Appikation  of  this  general  Rule,  to  thoTe  particular 
Cafes  which  have  already  bercn  confidered  by  others,  and  which  are  con- 
tained in  our  3d,  4th,  5th,  and  6tjb  Lemma's^  and  by  us  more  generally 
demonftrated  ;  I  fay 

If  n^iifi  there  can  be  but  one  Form  of  Combination,  and  but  one 
Combination  in  that  Form  •,  and-  therefore  the  Number  of  Alternations 
ffi^m — i^tn — i^m — o^^m — 4^  6?<r.  contiiMied  to  ^  Places. 

G?^.  Places  refpcdlively,  L  e,  {xip  =  1 )  =  wx  »/  =-^  i  x  /»  — ^  2  k  w  —3  x 
m —  4  X  iit.  continued  to  m  Places,  which  arc  tiie  Cafes  6f  the  4th  and 

But  if  the  Things  ejCpofed  ^  all*  difFerent,  and  n  be  lels  than  >9% 
which  is  the  Cafe  of  the-  5th  and  GOxLerhma's^  then,  alfo  can  there  hcs 
but  one  Fdrm  oi  Combinadbn,  and  it  will  hcJzzzm  and  «  =  /r,  and  the 

^bole  Number ttf  Cdrobinations  ^^x^-^i  »^~2xgc.  .  ^ 

^»ix«i  — tyi»^lxg£>  ^^  g^^  continued  to  »  Places,  and 
n  X  ny^  I  xH-^lxer^:. 

therefore  the  Numbet  of  Alternatbns  =  »  x  «  —  i  x  » -^  2  x  fcPr.  ctnti^ 
tinued  to  »  Places. . 

But  fully  to  Uluftfale  this  Theorem,  which  may  feem  fomewhat  too  afap- 
ftradbed,  I  (hall  fubjoin  one  fhort  Example^    . 

ExampUJ]  Let  the  Things  expofed  xaaahlbcc^  or  according 
to  our  Way  of  Notation  a}  T*  r*  \  *Tis  requited  tO  find  the  Number  of 
their  Combinations^and  Altem^otts  taken  4  and  4. 

Then  (becaufe  in  the  Things  expofed^  there  is  no  one  Thing  occur* 
more  dian  thrice,  nor  more  than  thi-ee  Things  different  from  each  other) 
will  all  the  Forms  of  Combination,  which  the  Things  expofed  are  capa^  • 
ble  of)  be  thefe^ 


(2  .    I   •   I  •' 


In 
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In  the   ift  Form  wiD /«  3,  f  =  i»  «=  i»«  =  i^  ^»^*  ^^3^ 

In  the  id  Form  wiU^at,  -*-*»  •  =  2,  — — >  ifsrg,  ^ 

In  the  3d  Form  will  ^=2,  j=s  i,  *=  i»  ^  =  2,  ^3:  3,  x^  =  3. 

The  Number  of  Combimttioiit  ^A^  ^JZ^-sz—  x—  =:  4 

in  the  ift  Form  •        4  i        i 

The  Number  of  Combinations  __^x><— 1^3x2  _ 

in  the  ad  Form  «x«i — i      2x1 

The  Number  of  Combinations    _A    2?— ^xB— *~i  _2  x  j  _  ^ 
in  the  3d  Form  a  ^xI  —  i         2x1 

And  the  whole  Number  of  Combinations  =:  lo 

Alfo  the  Number  of  Alternations. 

Inthc  ift     _  ^  ^  nxn^ixn—ixfh^i  ^  ^  ^  l^l^iLi  x  =4x4=16 
Form  ^x^>_xx/>— al-J^i*  3>^«j| 


IadiC2d      _^^i>xii~ix;^2x^~3^^v4X3X2xi   ^^^^^,g 

^*^"^  />X/— x[*  2Xl|* 

Form  ^     f;p=rj\.xq0  '     ^i|'xi2      ^  ^ 

And  the  whole  Number  of  Alternations  =  70 

Many  are  the  Properties  of  this  Theorem  in  common  with  others,  as. 
To  find  an  UncU  cf  a  Multinomial  raifed  to  any  integer  Power.  To 
raife  an  infinite  Series  to  an  integer  Powers  though  of  an  interrupted 
Order,  without  introducing  any  Thing  immaterial,  or  which  muft  after- 
wards be  expunged,  and  many  others.  But  then  fomany  Terms  of  the 
Series  muft  be  taken  in  at  firft  as  fhall  ferve  to  the  Purpofes  of  the  in- 
tended Approximation,  otherwife,  as  often  as  it  (hall  fall  Ihort  of  that, 
the  Operation  muft  be  begun  de  wvo. 

Many  likewife  are  the  Properties  peculiar  to  this  Tbeoretfi^  and  great 
Variety  of  Problems  might  b«  framed  ;  and  I  fcruple  not  to  fay,  many 
may  occur  in  Practice,  which  are  folvable  by  this,  and  no  other  Method 
whatever. 

Hence  may  be  found  the  Number  of  Words  whereof  the  24  Letters 
are  aq;;able,  tiom  one  I^tt^r  in  eadk  Wovd,  to  any  Number  of  Letters 
given. 

Vol.  IV.  K  Hence 
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Hence  may  be  found  the  Number  of  all  Numbers,  to  any  given 
Number  of  Places,  \vhich  may  be  produced  from  any  Number  of  Fi- 
gures given. 

Hence  alfo  the  Compais  of  a  Mufical  Inftrument  being  given,  the 
Time  and  Number  of  the  Bars,  whereof  each  Tune  (hall  confift,  the  Num* 
ber  of  Tunes  may  be  found  which  that  Inftrument  is  capable  of. 

To  give  an  Inftance  of  the  prodigious  Variety  that  there  is  in  Mu- 
fick,  I  have  calculated  the  Number  of  Tunes  in  common  Time,  con- 
fifting  of  eight  Bars  each,  which  may  be  played  on  an  Inftrument  of 
one  Note  Compafs  only,  and  it  is  this,  v/z.  27584.  270157.  013570. 
368586.  999728.  299176.  whereas  the  Changes  on  24  Bells  is  out 
620448.  401733.  239439.  360000.   which  is  but 

J- of  the  Number  of  Tunes,  and  yet  Dr.  IVallis  in  his 


44458I.  604583 

Jlgehra  demonftrates,  could  not  be  difpatchM  in  3 1557. 600000. 000000 
Years. 

If  then  the  Inftrument  were  of  as  many  Notes  Compafs  as  any  Inftru- 
ment now  in  Ufe,  how  prodigioufly  muft  the  Number  of  Tunes  be  en- 
creafed !  the  Calculation  of  which  (though  much  more  intricate  and 
operofe)  would  be  equally  attainable  by  our  Theorem. 

rbi  UniiirfiJ     XV.  §.  I.  Of  the  Univerfal  Cubic  Equation 

So/uii9nofCu- 

Incaniiiqua  x^  =  3^X*  +  SqxX  +  2r 


dratic  Equa- 


—  3P*      +P' 

AnaijHcaUjas  — ZPi 

GewietricaHj 

"^i^iJT'C  The  three  Roots  are 

Corfon,M.A. 


2  2 


*=;>— IXJL — Lxi/r+i/r*— j'--i — ?- 2  ^  y^r— i/r*  —  j'. 

2  2 

Or  to  make  the  Arithmetical  Calculation  the  more  eafy  and  ready,  we 
may  fuppofe  f»  -|-  •  » to  reprefcnt  the  Cubic  Root  of  the  irrational  Bi- 
nomial r  4- 1/  r»  —  j3 .  Then  the  three  Roots  of  the  foregoing  Equa- 
tion will  be    *  ;=:jp  •+  2  iw,  and  X  »  ^  --•  w  +  •  --  3  ». 

Therefore 
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Therefore  when  any  Cubic  Eauation  is  given,  we  muft  make  a  Com- 
parifon  between  its  Terms,  and  the  fcveral  Terms  of  the  UniveFfal  Cu- 
bic Equation  rdpcftively,  by  which  Means  the  Values  of  ^,  y,  and  r 
will  be  eafily  found :  And  when  thefe  are  known,  the  Roots  of  the  given 
Equation  will  thence  be  known.  Of  this  Solution  here  follow  fomc 
Examples  in  Numbers. 

I.  Let  the  Root  x  be  propofed  to  be  found  in  this  Equation,  x'  s 

i  X*  4-  3X+  4.    Firft,  as  ordcr'd  above  it  will  be  3^  =  2,  oc  p  =JL 

3 

* 

Secondly,  3j  — 3 /»s=  3,  that  is,  3^ — ^=3,  or  *  =  21,  Third- 

3  9. 

ly,  2 r -f- p*  —  3  J  X  p  s  4,  or  »  r  — I2.=s  4,  that  is,  rs=— 5  ;  and 

27  ^^ 


.VTo 


r.-jJ=£l*.    Therefore *=:-l+i>1?+^ii?+i;l9«^iL« 
27  3  27         27  27         27*. 

The  other  two  Roots  are  impoflible. 

2.  In  the  Equation x3  =  12  »*  —  41  y  ^-  42,  it  will  be  firft,  3/sa 
12,  or^  =  4.     Secondly,  3  j—  3  /<»  a:  —  41,  or  3  ;  —  48  s:  —  41. , 


ihat is,  J  =  ~1-.    Laftly,  2  r  +p'  —  3^x^  =  42,  that  is,  2  r  4. 

3 

36  =  42,  or  r  =  3.    Thence  r»  —  j J  =  —  — .    But  the  Cubic-root 

27 


of  r-t-  V  r»  —  jj ,  that  is,  of  the  furd  Binonual  3  4>i^  — J[2?,  beinft 

cnra^d  by  the  Methods  which  die  Arithmetick  of  Surds  irill  fupply/ 

inll  be  found  to  be  —  !  +  • i-,  whidi  is  reprefented  by  m  4.; 

V'n.    And  therefore  the  Root  x  =  (^-f.  2  w=)  4 ->  2  =  2.  Alfojr IS 
(?  —  »  +  •  — 3»=)  4+i  +  v'4=s  7or  3.     Or  agwn,  another 

OdMc-root  (for  it  has  three)  of  the  iame  Binomial  3  +  4/  -.  £2?  b-i 

«-  -       *7      a 

K2  j^ 
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4.  V  «.  _!_,  which  is  repreftnted  by  «  -f.  •  «.    Therefore  the  Root 
12 

*seO)+2«»i=:)4^-  3=7.     Alfe*»:<>-r*±V  — 3»=)4  — 

J_-f-  ^_L=:3or2.    Laftly,  the  third  Cubic-root  of  Ac  fame  Bi- 
»    ~         4 

nomial  2  -i-  •  —122  is  —J—  •— il(=  w  -|-  •». )    And  therefore 
•^  27  2  12 

the  Root  *  =  (j>-+-  2»»=)  4  —  i=3i   and  alfo  *  =  (/>  —  w^ 

^  —  3  »  =)  4  4-— +v^  ^=  7  o"*  2* 
0  2  —     4 

2.  In  the  Equation  *J  =—  15  x»  —  »4*  +  100,  it  will  be/  =  —5, 
--i_^,  r=  13^  5  and  die  Cubic-root  of  the  Binomial  135  -f- 
•  18252  is  3  H-  i/  12.  Therefore  the  Root  *  =  —  5  -h  6  =  i,  and 
j^j3s__5  —  3+4/—  36  =  —  8^2*^  —  36>  impoffible. 

4.  In  the  Equation  x3  =  34 **  —  310  x  4-  1012,  it  will  bc/=ii:, 

#  t*  ^  rst^^^^  ^    j^^  j1^  Cubic-root  of   the  Binomial  i53f  ^ 
*'        9  '         27  *7 

^707560  i^j6  _j_  ^jo    xhereforethe  Root  ;f=-?i +-!£=:  42,  and 

J,  j».  J4_ ?i.  4.  4/  —10  =  6  +  •  — 10,  impoffible. 

5        3" 

5.  In  the  Equation  xi  =  28  *»  -i-  61  ;f  —4048,  it  will  be)>  =  — , 

967    y ^50to  .  ^^  jjjg  Cubic-root  <rf  the  Binomial  — 

S-'    ^*  ,•"  27 

a^oro  4.1/- 38*347  i«^*+V-^^.    TherefiB««=^+^» 
2*1  04  S3 

^.  In  the  Equation  VJ  »  —  >»•+  x66  /c  -  66o»  it  wiU  be^=— 

S 
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*   a  3=129,  r  =  —  ^^  i  and  thc'Cubic-coot  of  the  Binomial  — ?£5^ 
r*       9  ^7  -  »7 

^♦/  —  illZ^b— i^+*^-i.     Therefore  *=--L-^ - 
^  27  3  3  3       3 

—  15,  and  *  =  —  -L+1L+ •  5  =  7±  *^  5.  irrational. 

7.  In  the  Equation  *'  =  63  ir*  -H  99673  x  +  995»705>  «  ^i^l  ''e 
/>  =  21,  y  =i^Sf.,  r  =  603 1680  i  and  the  Cubic-root  of  the  "Smxy 

mial  6031680  4-  v^  -  47887»75043i36  i3  ,83+  i/~5-L9.    There- 
^  27  3 

fore*  =  214- 366  =  387,  and  x  =  21  —  183  4-  23=—  139 

or  —  x85-  ,        »T        1.    TM 

AAd  love  muft  proceed  in  other  Examples,  ^ow  the  Theorem 
may  be  inveftigatcd  in  the  following  Manner.  I  fuppoie  the  Koot  of 
foine  Eqaatba  to  be  a  =  tf  -!►  ^»  and  multiplying  cubically  there  will 
arife  z»  =  (  tf '  -4-  3 «*  *  4-3  «  **  -J-  *'  =)  ^'  -h  3  «  ^  x  a  -h  ^-f-  ^^ 
Now  illftead  of  *  -t-  *  iubftituting  its  Value  Zf  it  will  Ixcome 
z'  =  3  tf  *  z  -h  «'  -f-  *',  which  is  a  Cubic  Equation  conilrufted  from 
the  R«ot  «  =  «  -f-  ^»  in  which  Equation  the  fecond  Term  is  wanting. 
Now  that  this  may  be  reduced  to  a  better  Form,  I  affume  the  Equa- 
tion ea  =  3«z  4-2  r,  which  is  now  to  rcprefent  the  Eouation  aJ  = 
aabz^\-a^-\-h^  .  Therefore  to  tranfmute  this  into  that,  wc  fhall 
have  firft  3  ff  =  3  «»  ^»  and  therefore  jJ  =  a-i  bi.  Secondly,  2  r  =  «? 
-I-  h\  or  2  r-efi  =  («*  -h  «»  *'  =)  **  4-  3'  •  Then  refolving  this 
Quadiatick  Equation,  we  Ihall  have  as  =  r  -h  */  r»  —  f  i ,  and  thence 
^j  ^  j^^^^j —  r—*  v^  r»  — JJ .    So  that  at  laft  it  will  be-tf=3 


i/r-\-  V  r»  — JJ ,  and  ^=v'r  —  ♦^^  —  ?^  *  Therefore  in  the  Cu- 
Kc  Equation  zJ  =  3  f  2  4-  2  r,  we  fhall  have  the  Rootz  =  («  +  ^  =) 
%^ ■  %y " 

But  this  Root  is  really  three-fold,  according  to  the  three-fold  Value 

^rtnch  •  r  H-  •  r»  —  j J  and  */  r  —  •  r*  —  f»  canacquire.    For  the 
Cubic-root  of  any  C^antity  whatever  is  three-fold,  forasmuch  as  Ae 

Cubic-root  of  Unity  itfelf  is  chhcr  1,  of  — i+  ii/— 3,oi«— i— V  —  3. 

And 
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And  this  will  appear  by  Cubing  any  one  of  thefc  Quantities.    Therefore 
if  r  ^-  i/  r*  —  q}  ,or  i  xr  -J-  •  r»  — ^  be  confider'd  as  a  Cube,  iu 


\.^ 


Cubic-root  or  Roots  will  be  •  i  x  •  r -+-  •  r»  —  q%  i    that  is,    firft 


I  xi/  r  4-  i/  r»  —  j3 ,  which  we  have  above  call'd  »  +  •  »,  or  i  x 


— H-^_3      3/- 


m^  %/  n.    Secondly, IH ^x^/r-f-v'r*  —  qz  ,whichthcrc- 

forcwiU  be  ~/  +  ^-3  x  iTI^^  ^-..,-i/«+>»v-~3+^~3» 


Thirdly,  I ~ ^  x  4/ r -f-  •  r*  —  j3 ,  which  therefore  will  be 

—  I  —  •  —  7 ; — 7-      — m  —  i/n — m\^ — 3 — • — 7n       r 


like  Manner  the  Apotomer  —  i/r^  —  j3  or  i  x r—  1/  r»  —  j3,being 

3 

confider'd  as  a  Cube,    will  have  the  Cubic-root  or  Roots  %/  i  x 


3/" 


^  r  — •  r»— y3"  5  that  is,  Hrft,  i  x>/ r  — •  r»  —  j^whichwehavc 

call'd  »  —  •  »,  or  I  X   »— •  ».    Secondly,        i  ^  i/        |^ 

2 

X  i/  r  —  f/  r»  —  j3  ,  which  therefore  will  be ^^         ^  x  i» — •»= 

2 


-i»4.4/«-t-«>v--3-^~3»      Thirdly,  -'--^•^g 
2  2 

X  i/  r  —  y'  r»  — ^3 ,  which  therefore  will  be ?  x  » — 1/  » 

2 

_^„H-^»  — OT^  —  gH-i^  —  ?*     AndbyaducConnodonof 


thefc  Roots,  we  ihali  have  zss^  r  +  ^r»— js+y'  r — •  r»  — ^ 


szm+i/ H  +  m  —  •iy  =  2«i.     And  fecondly,  z  =: 

2 


3>^        -  r     -^  I  •^  4/  —  2  3  ^         — - 

xi/r  +  4/r»  — J3+ i 1 2.  +  v^r  — i/r*.«wjJ  s 


,^iyy  — •>g^«l4/— 3  +  i/^3 


n 
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^,4.4/^--»^-3  +  ^.,3, +  .^-j>    Laftly,z  = 


^     ^ ?  X  •  r  +  •  r»  —  J3  ^ iH— ^  X  i/r — •  r*  —  ?3 

_  >-  »  —  v^)y — m  •  — 3-*i^ — 3  »  — m+i/n^m\/ — 3 — i^— 3» 

*"  2  2 

=  —  »  —  •  — 3.  Thcfe  therefore  will  be  the  three  Roots  of  the  Cu- 
bic Equation  23  =  3  y  z  4-  2  r.  Now  that  the  Parts  are  duly  connefted 
in  the  foregoing  Manner,  may  be  farther  proved  by  being  continually 
multiply *d  together  in  the  ufual  Method.  Finally,  make  z  =  x — p^ 
and,  by  Subftitution,  the  Equation  will  become  x^  — 3  px*  +  ^p^  x  — 
;j=:3J*  —  3^?  +  ^'' 5  which,  by  TranfpoQtion,  will  be  the  fame 
Equation  as  above,  and  its  Roots  are  the  fame  as  are  there  exhibited. 

Here  it  deferves  to  be  obferved,  that  all  the  Roots  of  any  Cubic  Equa- 
tion are  then  real  and  poffible,  when  the  irrational  Member  of  the  Bino- 
mial •  r*  —  qi  includes  an  Impoflibility  ;  that  is,  when  ^  is  an  affirma- 
tive Quantity,  and  at  the  fame  Time  its  Cube  is  greater  than  the  Square 
off.  But  if  this  Member  •>»  —  p  is  poffible,  that  is,  if  j'  is  a  nega- 
tive Quantity,  or  being  affirmative  if  its  Cube  be  lefs  than  the  Square  of 
r ;  then  the  Equation  has  but  one  real  and  poffible  Root,  and  the  other 
two  will  be  impoffible. 

In  this  Theorem  if  it  (hould  be  ^  =  o,  that  is,  if  the  fecond  Term  of 
the  Equation  is  wanting,  we  fhall  defcend  to  die  Cafe  of  thofe  Rules 
which  are  afcribed  to  Cardan  j  the  Solution  of  which  is  contain'd  in  what 
is  here  exhibited. 

5.  2.     In  the  Univerfal  Biquadratic  Equation 

x4  =  4/x3 +  2j^+ 8rx  +  4J, 


The  four  Roots  are  x  =p  —  j^t^^/^  +  f  —  ^*  —  — > 

a 

x=p  +  a'^\/p^  +  q  —  a*'\'  — ; 
■■^  a 

Here  a^  is  the  Root  of  this  Cubic  Equation  following. 

Now  when  any  Kquadratic  Equation  is  g^^en,  a  Comparifon  muft  be 
mftie'between  its  Terms,  and  the  feveral  Terms  of  this  univerfal  Equa- 
tion, by  which  Means  the  Quantities/^  ^  r^  j,  will  foon  be  found.  And 
whoi  thefeare  known,  the  Value  of  a  may  be  difcovcr'd  by  the  foregoing 

Theorem. 
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Theorem.  And  then  all  the  Roots  of  the  givcri  Equation  will  become 
known. 

An  Example  or  two  may  fuffice  to  iUuflxate  this  Solution. 

I.  Suppofe  we  were  to  extratt  the  Roots  of  this  Biquadratic  Equation, 
:>f4  =  8  x3  -f  8  3  x»  —  162  X  —  936.     Firft,  by  what  is  prefcriVd  wc 

fliall  have  4^  =  8,  or^  =  2.     Secondly,  2  f  —  4^*  =•83,  or  y  =  ^ 

2' 

Thirdly,  Zr  —  4^  j  =  —  162,  or  r s:  112.     Laftly,  4  j  —  y»  =  — 

4 

9ze.  or  5  =  ^57.    Hencei>*  +  j  =£?7,  2^^  +  ,=79??;.  _i3|89. 

ID  2  10  16 

Wherefore  af>  =  i£7  ^4  —  7?_2V  -Ji^SjI.  Now  that  this  Equation, 
2  i6  i6 

which  is  really  Cubic,  may  be  refolved  into  its  Roots,  we  muft  have  Re- 

courfe  to  the  foregoing  Theorem  :  In  which  *  =i^,  a  =  _i?£2?,  r  — 

6  144 

^923m    and  r»  -  jJ  =  -11942275.    But  the  Cubic-root  of  the  Bi- 
1728  ^  16 

nomial  ?903^+  •_11?4007_5  is  _  53  +  ^_422  .  ^nd  therefore 
1728  16  12  3 

4»  =IP7_^  ^  g,  ana  alfo  ««  =L°74.  53+  y-  400  ='J9or ?_  .      Or 
6        6  6       12—  4       4 

which  comes  to  the  fame,  the  fix  Roots  of  the  foregoing  Equation,  which 

in  reality  is  Cubo-cubick,  are  ^j  =  +  3,  tf  n  -f  -^,   ^  =  4. 1,  any  one 

—  2  ~2 

of  which  may  be  taken  indifferently  for  the  true  Root  of  the  Equation, 
and  will  be  fuWervient  to  our  Purpofe.  Suppofe  in  the  prefcnt  Cafe,  that 
ii  =  3.    Then  by  the  Theorem  it  will  hcx  =  p — ^  -f. 


^  ^*  +  ?  —  ^* =  a  — 3  -»-  V'  4  +— —  9~-^=  —  14-5=: 


^  2f 

4 or  —  6.    Alfox'=^  +  tf-f  4/^*  +  J— tf»  -I ;=  ^  +  3  4. 


V  4  +-^5 —  9  +-^  =  5  +  8  s  13  or  —  3  ;   which  arc  the  four 
2  2  — 

Roots  of  the  given.  Eqiiaciea. 

2.  In  the  Equation  x4  s  20 ^  4-  252  x*  -—  6592  x  +  ii3t2,  it  will 

be ^=5,  jss  176,  r=— 384,^  =  13072.  Hence  ^  4-  ;  =  20j,  2jpr4. 

^=9232,   ana  r»  5s  147456.     And  thence  «^  =  201  «♦  —  923* 


1 
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ii»  + 147456.  Now  in  Ae;ThForem  for  Cubics,  it  will  be  ^ 5=  6.7» 
^—  ^^^^,  andr  =  65219.    And  the  Cubic  Root  of  the  Binomial 

6«iQ  +  ^2!H^222HwiUbe2I+v^M.    Therefore  «.  =  67  + 
^    y  ^  27  -  -    -  2  \z 

77=  i44,ortf  =  i2.  Thereforcx  =  5—124-1^25+17^—^44+64 

.  =  —  74.  II -=4  or— iS.    Alfo;f  =  5+  u+^v^'25+176— 144— 64 

-^  17  ^  v^ —  7^  which  two  Roots  are  impoffible. 

Now  thelnytftigation  of  this  Theorem  is  in  this  Manner.  By  tbc  Multi- 
plication of  the  two  Quadratic  Equations  z*  -4-  2  ^  z — 4=  o,  and  2»  — 2  a  z 

—<=:ointoeach  other,  I  conftruft  die  Biquadratic  Equation  x4  =:4tf»+*+r 

5c  2«  +  2^jr  —  2  3*  )<  2  —  ^  r,  in  which  the  fecond  Term  is  wanting, 
and  which  I  make  cqirivalttt  '*ta  this  Equation  z*  =  ^  z*  +/«  +f. 
Whence  firfti4a»  +  ^+ri=V;  dr*  =  ^-^4^»  —  r.    Secondly,  2 tf  c 

•»  2  tf  ^  =/,  oriac  —  2aeu\iSa9  +  ia  'C'lsf^  whence  c  =s — +  —  e 

i      -  4^    \^ 

—  2  tf*  ,  and  thence  ^  =  ^  —  4  ij» L — JL  ^  +  2  41*  =  — — +~  tf 

4a      2  4^2 

—  2tf*  .     Thirdly,  — tc^g^ot ZZ-^J^»  — 2  #a»-|-4  ^ss 

16  a*       4 

— ^,  thatis,  a^=Lea^  — -  jr^i*  —4-^  ^  -+  4-  //»  which  is  as  it 
2  4  16  64 

were  a  Cubic  Equation,  compofed  of  the  Root  a* ,  and  the  known  or 
affumed  Quantities  ^/,r.  Now  that  Root  may  be  exhibited  by  the 
foregoing  Theorem,  and  by  thfe  fame  Calculation  the  Quantities  ^  and  <> 
will  be  known.  But  the  Roots  of  the  Equations  z*  +  2iiz — ^  =  0,  and 

z^  —  zaz  —  f=o,arez=  —  a  -f  •  tf*  +  *  and  z  :^  a  4.  •  4»  +  r, 

^  — — y r-  -nil 

or 2=  —  a  +  i/J  ^~  4»—  Z.,  and 2  =  41+4/ J  ^— 41*4.  JL, 
—      2  4ii  T-      2  4  ^ 

which  therefore  will  be  the  Roots  of  the  Equation  z^zs^ez*  +fzJ^g^ 

when  a  or  a^  is  known  from  the  Equation  a^  =—  ^  a^  — —r  tf*  —   ^ 

^         •         2  4*  16. 

ff- 
ea*  +  -=—•    Now  that  this  Equation  may  become  univerlai,  and  fur- 

nilhed  with  all  its  Terms^,  make  2  =  x  — /,  then  X4  —  4^;c3  4.  6p*  x* 

—4/3  X  4-^  =;^;r»  —  2pex^p^  e ^fx^fp  +g,  aUb  x  ^p^a 
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4-  •!  * — a*  — Z.,  and  x  =.f  +  »  +  •-!  *  — «»  +iL.     Laftly,f<^ 

—    a  411  *  4* 

Concinnity  and  Brevity  Sake,  make  e  =  2;4-2^,  and/  s=  8  r  »  then 

«♦ --4/*J  +  4/*  jf»  =  2  y *»  —  4^  J* 4.  2/«  J +  ^  4- 8 ''*  —  8pr 
+  ^,  x=^  —  /»  +  *^/»  +  f  — «»—  11,  alfo  *=/  +  «  + 


2  r 


+r  * .  Finally,  make  ^^=4  j — j* + 8jp  r~^~2  ^*  y,  and  thfe  foregoU^Equa- 
tions  become  X4  =  4py3+2f  *»+  8rx+4  j,  and  ifi  ac^»44— 2  j>rtf*+r  *  5 

that  is,  all  Things  become  as  fuppofed  above. 

§.  3.  Hitherto  concerning  the  Analytical  Scdution  of  Cubic  and  Biqua- 
dratic Equations.  Now  becaufe  their  Geometrical  £ffe£tion  by  the  Pa- 
rabola is  conunonly  taueht,  and  is  much  valued  by  fome,  I  Ihall  esdu- 
bit  it  here  more  univerfaliy,  and  yet  more  compendioufly. 

Aity  Cubic  or  .Biquadratic  Equation  bdng  given,  a  Comparifim  ftiuft 
be  made  between  its  Terms^  and  the  refpe&ve  Terms  of  this  Equation 
following* 


A-4  =  iZ^t  J^^tlLx-  +^fLx  +  p- 


f 


^^r    -4r*   --^    ~«'  * 
+  2  J      +4rj      —J* 
—  1       — 2j      +^ 

by  i*hich  Means  the  Values  of  ^,  j,  r,  j,  /,  will  eafily  be  found,  any  one 
OT  them  being  aflumed  at  Pleafure.  Then  in  any  given  Parabola  AVB^ 
whofe  principal  Vertex  is  V^  its  Axis  J^^,  and  VT  perpendicular  to  the 
'^S*  3  '•  Axis ;  let  there  be  taken  VS  =s^,  within  the  Parabola,  and  in  the  Angie 
SVT\^  there  be  infcribcd  5  7*=  j,  which  being  produced  let  it  cut  the 
Parabola  in  two  Points  JVand  0.  iMONbc  biieAed  in  M,  and  thro* 
Ml^MAht  drawn,  parallel  to  the  Axis  and  meeting  the  Parabola  in  A. 
Draw  A,  L  parallel  to  O  N^  and  let  AL  be  the  Latus  return  of  the  Para- 
bola to  the  Diameter  AM^  and  let  the  fame  be  Unity.  In  ^L,  pro- 
duced both  Ways  if  necel&ry,  take  AGzzr^  and  from  G  draw  G  iJ  pa- 
rallel to  the  Axis,  ib  that  it]  may  cut  the  Parabola  in  jS,  from  whence 
take  BRzszs.  From  the  Point  laft  found  R  draw  R  E  parallel  and 
equal  to  F  Ty  and  let  it  lie  to  the  left  Hand  in  refpeft  of  jR»  if  f  is  an  af- 
firmative Quantity,  otherwife  to  the  right  Hand  if  j  be  negative.  Ajid 
the  fame  Thing  is  to  be  underftood  of -^  G  and  £  jR,  which  muft  be  drawii 
« the  contrary  Side^  if  the  Values  of  r  and  i  happeiT  to  be  negative. 

Laftly, 
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Liftl^,  with  Center  E  and  Radius  ^  C=  /» let  a  Circle  CKkc  be  de- 
fcrUxdy  which  will  cut  the  ParaboU  in  fo  many  Points,  as  there  are  real 
Roots  in  the  g^ven  Equadon.  For  from  thofe  Poinu  C,  JT,  let  there  be 
drawn  CP^  ibn^  ^c.  parallel  loST^  and  terminated  at  the  right  Line 
G  R  produced  if  need  be.  Everv  one  of  thefe  will  be  x,  or  the  required 
Root  of  the  given  Equation.  Thofe  lying  to  the  right  Hand  will  be 
affirmative  Roots,  ami  thofe  on  the  left  Hand  Will  be  native.  A  Point 
of  Contaft,  if  any  fuch  ihould  be,  is  here  taken  for  two  Points  of  Inter- 
feftion,  that  arc  infinitely  near  to  each  other. 

This  will  be  the  only  Difference  between  Cubic  and  Biquadratic  Equa- 
tions, conftruded  after  this  Manner,  that  in  the  former,  becaule  ofliie 
laft  Term  being  abfent  in  the  foregoing  Equation,  it  will  always  be  pp-^ 
qq —  jx  +  z/rso,  or  /  =  1/  jg  +  gq^-pp.  Therefore  Center  E 
and  Radius  £C  =  1/  J{  Rq  +  (£  Ry)  ATj— -t/ 6' j  any  Circle  CJC*^ 
being  deicribed,  one  of  the  Roots  CP  in  the  mctgoing  Cooftrudion  be* 
Comes  nothing. 

Now  thefe  Pofitions  are  demonftratsed  in  the  following  Manner.  Sup- 
pofing  all  Things  as  before  conftruded,  and  pfoducing  CP  if  needful 
till  it  meets  ^^in  //,  C  /f  will  be  the  Ordkiate  ci  the  Parabola  to  the 
Diameter^//;  and  therefore  C/f  fa  if  L  x  ^Hayfjy;  becauie  of 
AL=t.  But  C  «  =  C  P  +  AGy  and  AH  =  G  B^  BP^  and  there* 
(ortCPq-^tJGxCP  +  AGq^GB^SP.  But  becaufe  of 
the  Nature  of  the  Parabola  it  will  be  JG q^BG^  v^nce CPq^ 
2  AG  xCP^BP.  Now  from  the  Point  C  let  there  be  drawn  C  D 
perpendicular  to  B  P,  which  may  alfo  meet  £  /  parallel  to  £  P  in  the 
Point  /.    Now  becaufe  of  fimilar  Triangles  C  D  P  and  f^^,  it  will  be 

DP  sf^-^j'f^,  and  CJP=^^^^^s  and  therefore  CPf  + 2  y/(? 
ST  ST  ^. 

xCP:=^BP  =  DPJ^DBsIlij'Sf  +  SR^IE.  OrCPj  + 
a^CxCP— ^CP  — 312=— /£.     But/£f  =C£j— C/^ 

:sCEq^CDq^yTq^2CDxyTzzCEi^^^f''^^f 

'  STq 

~-yrg— ^^^y^^  :r  (becaufe  of  J^rysaJrg—^Kg)  C£| 

-r-cpj+|^cp,-5r,  +  5rj-2jrxcp+^cpv 

diis  therefore  will  be  equal  to  the  Square  whofe  Side  is  CP  ;  -f  2  AG  % 
CP^^CP^BR.    And  when  this  Equation  is  itduced  to  tb» 

Terms  p»  f^  r,  /,  f^  it  will  become  the  yery  Equation  propofed. 
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Hence  it  appears,  that  any  the  falne  Biquddratic  Equation  will  admit 
of  innumerable  different  Conftrudtions  by  the  Parabola,  according  to  the- 
different  Values  of  that  Quantity  which  we  faid  might  be  aflumed  ac 
Pleafure.     But  the  moft  fimple  Cafe  is,  by  making  f^5  =:  p  =s  o,  and  the 
Conftruftion  pafles  into  the  common  one  (as  to  the  Thing  itfdf )  in 
which  the  right  Lines  C  P,  &?f .  which  arc  the  Reprefentatives  of  the 
Roots,  are  pei-pendicular  to  the  Axis.     Then  the  Equation  becomes 
>i^  =  —  4r Af'  — 4r*  X*  +  4r ^x  —  f* 
+  2^  —  2  J       — i* 

--I  +/* 

which  is  eafily  conftrufted  as  above.  -  ^ 

§.  4.  But  leaft  the  Organical  Defcripjion  of  the  Parabola  Ihould  feem 
too  difficult,  we  may  have  Recourfe  to  a  certain  Mechanical  Artifice,  to 
he  performed  by  Means  of  a  Plummet,  or  Thread  with  a  Weight  hang- 
ing at  the  End  of  it ;  by  Help  of  which  the  laft  Equation  may  be  con- 
ftrudled  very  eafily  and  exafUy,  and  therefore  the  Roots  of  any  Cubic  or 
Biquadratic  Equations' may  be  found.  Thi3  Conftro^on,  which  we 
^ie.  33.     '^^y  ^^  ^  Mechanical  one^  is  after  this  Manner. 

Againft  a  fmooth  and  upright  Wall,  or  any  other  Plain  perpendicular 
to  the  Horizon,  at  any  Poiril  F  let  there  be  hung  a  very  fine  flexible 
Thread  F  P,  with  any  Weight  P  hung  at  its  Extremity.  In  this  Thread 
let  any  Point  N  be  mark'd,  which  is  at  a  fufficient  Diftance  from  the 
Point  of  Sufpenfion  F ;  or  it  may  be  tyed  with  a  fmall  Knot  N.  Then  tar 
king  at  Pleafure  NO  for  Unity,  at  the  middle  Point  M  (ai^d  in  the  afore- 
faid  Pk'ui,)  let  the  right  Line  -^^be  drawn  parallel  to  the  Horizon, 
and  product  both  Ways  as  far  aa  is  neceilary.  Thefe  Things  being  pre* 
pared  in  general,  for  Application  to  any  particular  Cafe,  make  yf  ^=:  r ; 
the  Quantities  9,  r,  s^  /,  being  'firft  determined  in  the  laft  Equation, 
either  Arithmetically  or  Geometrically,  according  to  the  Exigence  of 
the  given  Equation.  Then  with  a  fmall  Style  or  Bodkin,  or  with  the 
flfender  Point  of  a  Pair  of  Compafies,  let  the  Thread  be  inflected  and 
moved  from  its  Place,  till  the  Point  of  Infle£tion  falls  upon  a  certain 
Point  By  and  the  Knot  N  falls  at  the  lame  Time  on  the  Point  laft  found 
^  In  B  ^from  that  Point  B  take  5  if  =  5,  and  at  iJ  raife  the  Perpen- 
dicular R  E  =. juto  the  Line  B  R.  But  thofe  Lines  A^BR^RE^ 
muft  fall  the  contrary  Way  from  their  initial  Points,  if  it  fliould  happen 
that  the  V^lues_qf  ry.j,  y,  ftiould  come  out  negative.  Laftly^  let  one 
Leg  of  the  Compaffes  fc  fixed  in  the  Point  found  £,  and  let  the  other 
Leg,  extended  to  the  Diftance  £  Z  =;;  /,  be  carried  about  with  a  circu- 
lar Motion,  taking  with  it  the  Thread  FZP.  By  this  Circulation  of 
the  Thread  the  Weight  P  will  fometimes  afcend,  and  fometimes  delcend 
with  a  reciprocal  Motion,  and  the  Knot  N  will  fometimes  be  above  and 
fometimes  below  the  Horizontal  Line  A  ^  But  whenever  the  Knot  N 
Ihall  be  found  in  the  Line  A^  fuppofe  in  the  Points  D  d  £l  J^j  fuc- 
ccffively  i  it  will  cut  off  the  light  Lmes  D^d^L^  A^J'^  which 

will 
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win  be  all  the  real  Roots  of  the  prcn  Equation  :  That  is,  thofc  on  the 
ndit  Hand  will  be  the  affirmative  Roots,  and  thofc  on  the  Left  the  ac- 
tive. The  Demonftration  will  be  manifeft  from  what  goes  before, 
Sid  attending  to  the  Parabola  that  will  pafs  through  the  Points  BCckK. 
For  making  F  the  Focus  of  the  Parabola,  whofe  Diftance  from  the  Ver- 
BacisiON,  it  is  known  that  aU  the  Lines  as  F5  + 2?^,  FC+ CD, 
&f.  always  make  the  fame  Sum. 

And  from  the  Principles  here  laid  down  it  will  not  be  difficult  to 
conftruft  an  Inftrument,  which  will  be  neat  enough,  and  as  accurate  as 
you  plcafe,  by  the  Help  of  which,  and  with  very  little  Trouble,  the 
Roots  of  ;dl  thcfe  Equations  may  be  found,  and  exhibited  to  Ocular  Inr 
fpeftion. 

XVI.  Let  »  be  any  Number  whatever,^  an  unknown  Quantity, «ndjjj««rf«M^ 
let  a  be  any  Quantity  intirely  known,  or  what  they  tall  the  Homogeneumti*  id.jth, 
Om^araHetiis  •,  and  let  the  Relation  of  thefc  be  expreffed  by  the  Equation.  gJ;J^^J^* 

^2x3  2x3  4x5  2x3  4x5  dfc  Moivrc. 

n.  309.  p. 

6x7        ^ 

It  b  ptsun  from  the  Nature  of  this  Series,  that  if  n  is  taken  any  odd 
Numocr,  (that  is,  an  Integer,  but  it  is  all  one  whether  aifirmative  or 
negative)  then  the  Series  will  ftop  of  its  own  Accord,  and  the  Equation 
becomes  one  of  thofe  defcribcd  in  the  Title ;  the  Root  of  which  is 


(i)j^  =  4i^*^i  +  tf«+«~      •-^= 


y  •  I  +  aa^a 


•X^ 


or  (2)  jr  =  Ti/  i/i  +  tftf  +  tf—    44/  ^i^aa^a 


I 

■V        a, 


or  (3)  T=  ,..,^-==- — .     T^V  1  +  Jtf  —  a 


1  t 


<>f  (4)  J'  —  ^  ^  ij^aa-^a  ^  %/  i  +aa  —  a 

For  Eicamble,  let  it  be  this  Equation  of  the  fifth  Power,  5  j^  +  20 
y  +  16  jr*  is  4,  whofe  R6ot  is  to  be  found.  Th  this  Cafe  'tis  »  =  5, 
and  ^  =  4«    Then  the  Root,  according  to  the  firflr  Form,  will  be 
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^ 4 


jr  =  4. •1/174.4  —   5^^  ,,       -^»  which  is  reduced  very  ex[)cdi* 
1/  •  17  +  4 

dioufly  to  common  Numbers  in  this  Manner.    'Tis  •  174-4^8^ 
1231,  whofe  Logarithm  is  o,  9097164,  the  fifth  Part  of  whichT  is 

o,  181 9433,  and  the  Number  anfwering  to  this  is  i,  5203  =  ••Tt+TI 
Now  the  Arithmetical  Complement  of  o,  18 19433  is  9,  8 180567;  to 

t 

which  anfwers  the  Number  o,  6577  =:  '   —  .     Therefore  the 

4/ •I? +  4 

half^Difference  of  thefe  Numben  is  o»  4313  =^. 

It  may  obfervcd,  that  inftead  of  the  general  Root  it  may  be  fu^iem 
totakej'=.4i/  %a -i — ,  whenever  the  Number  » is  very  large  ia 

refped  of  Unity.    As  if  the  Equation  were  5  jr  4. 20  j*  +  16  j»  —  5^2 1 
the  Log.  of  2  «  =  2,  i348i43»  a  fifth  Part  of  which  is  o,  6250628 
and  the  Number  anfwering  to  this  is  4,  236.    The  Atithmctieal  Com- 
plement is  9,  3730372,  whofe  Number  is  o,  236,  and  the  Half-diflfer- 
cnce  of  thefe  Numbers  is  2  =  jr. 

Again,  if  in  the  foregoing  Equation  the  Signs  aie  made  akcrmtelr 
affirmative  and  negative,  or  which  is  .the  lame  Thii^,  if  we  hvi  fucha 
Series  as  this  following, 

aj+^-^^Ny  ^'"•""x  9-»»»y»  -I.ill!!!'x  2n!L*xi^=f^ 
^^S  ax3      4x5  2x3       4x5        6x7 

jvjr',  ^c,  S0,  the  Root  will  be 


(i)jr  =  i^«  +  Vaa— i  + 


T 


0r(2)y=i*/tf  +  i/«tf— I  +    -tVa  —  i/fla— I 


or 
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I  I 

T  Y 

Efere  it  is  to  be  obfenred*  that  if*""  '  (houid  be  an  odd  Number, 

the  Sign  of  the  Root  when  found  niuft  be  changed  into  its  contrary. 
Let  thb  Equation  be  propo(ed  gy  —  ^oy^  +  i6y^  =6  \  whence 


5  y 4 

»s:5andii2s6.    Then  the Root^  =  i  ^  ^  +  ^  35 +Tg^^^ 

Or  becaufe  6  +  V  35  =s  ii,  916,    the   Logarithm  of  tliis  will  be 
I,  0761304,  and  its  fifth  Part  o,  2152561,  audits  Arithmetical  Com- 
>     plemcnt  9,  7847439.    The  Numbers  belonging  to  thefc  Logarithms  re- 
fpeftivdy  ait  i,  6415  and  o,  6091,  whofe  Semifum  i,  1253  =7. 

I        But   if  it  fhall  happen  that  a  is  lefs  than  Unity,  then  the  fecond 
i     Form  of  the  Root  is  ntther  to  be  made  Choice- of,  as  fitter  for  the  Pur- 

!  ^^ 

I     pofc.     Thus  if  the  Equation  were  5^  —  20  jr'  +  16  j'  =  --  ,    tlien 

I  64 


y^i^^^x/ZZJiT3j^:,^^^y/Zim.    And  if  by  any 
^  64^         4096   ^  64  4096  ^      ^ 


Means  the  Root  of  die  fifth  Power  of  Binomials  can  be  extracted,  xht 
Root  would  come  out  true  and  poflible,  notwithfbnding  that  the  Ex- 
preflion  feems  to  include  ah  Impoflibility.    Now  the  fifth  Root  of  the 


BiocMDial  fL+  •"^^TS  is  4  4.  ^  •  _  15 .  and  of  the' Binomial  £j 
04  4096     .  64 

~i/  n^thc  fifth  Root  is  aifo4  — iv^  — 15:  And  half  the 
4096 

Sum  of  tfaefe  Binoiiiials  is  t^  =  >•  Now  if  this  Extra£Hon  cannot  be 
pcrfbrm'd,  or  (faould  feem  aiiy  Thing  difRcult ;  the  Refiilt  may  always 
Ik:  found  by  the  Tabk  of  Natund  Siiies  in  the  following  Mann^^ 

To 


So  T6e  Method  of  Approximating  in  the  ExtraEiion 

To  Radius  i  let^  =-2^=  o,  ^jj-i  12  be  the  SiiwroTa  certain  Arch^ 

64  -    . 

which  therefore  will  be  72*.  23Va'ftfth  Part  of  which,  (becaufe  »  =  5) 
is  14*^.  28'.  The  Sine  of  this  is  o,  24981,  which  is  nearly  ^  Nor  is 
it  otherwife  in  Equations  of  higher  Degrees. 

The  Method  of  XVII.  Dr.  HaUey  has  publiftiM  *  a  very  compendious  and  ufeful 
^mT^tn^Ex'  '"^^^^^  ^f  extradting  the  Roots  of  adfedled  Equations  of  the conirpoii 
triaing  the  Foroi  in  Numbers.  This  Method  proceeds  by  affuming  the  Root  de- 
Roots  of  E-  fired  nearly  true  to  one  or  two  Places  in  Decimals  (which  is  done  by 
qaations  in  ^  Geometrical  Conftruftion,  or  by  fome  other  convenient  Way)  and 
pj^'eihY^r.^^^^^^^^^  the  Aflumption  by  comparing  the  Difference  between  the 
B.  Taylor,  n.  true  Root  and  the  affumed,  by  Means  of  a  new  Equation  whofe  Root  is 
352.^.610.  that  Difference,  and  which  he  {hews  how  to  form  from,  the  Eqaation 
\^i^<^{  propofed,  by  Subftitution  of  the  Value  of  the  Root  fought^  partly  in 
s/xx.         fenown,  and  partly  in  unknown  Terms. 

In  doing  this  he  makes  Ufe  of  a  Table  of  Produfts  (which  he  calls 
Speculum  Jnalyticum)  by  which  he  computes  the  Coefficients  in  the  new 
Px|uation  for  finding  the  Difference  mentioned.  This  Table,  I  ob- 
ferved,  was  formed  in  the  fame  Manner  from  the  Equation  propofed,  as 
the  Fluxions  are,  taking  the  Root  fought  for  the  only  flowing  Quan- 
tity, its  Fluxion  for.  Unity,  and  after  every  Operation  dividing  the 
Produdt  fucceffively  by  the  Numbers  i,  2,  3,  4,  ^c.  Hence  I  foon 
found  that  this  Method  might  eafily  and  naturally  be  drawn  from 
Cor.  2.  Prop.  7.  of 'my  Methodus  In^fementorum^  and  .that  it  was  capa- 
ble of  a  further  Degree  of  Generality,  it  being  applicable,  not  only  to 
Equations  of  the  common  Form,  (viz.  fuch  as  confift  erf"  Terms  wherein 
the  Powers  of  the  Root  fought  are  pofitive  and  integral,  without  mff 
radical  Sign)  but  alfo  to  all  Expreffions  in  general,  wherein  any  Thin^ 
js  propofed  as  given  which  by  any  known  Method  might  be  computed  ; 
if  vice  versdy  the  Root  were  confidered  as  given  :  Such  as  are  all  radical 
Expreflions  of  Binomials,  Trinomials,  or  of  any  other  Nomial,  which 
tnay  be  computed  by  the  Root  given,  at  leaft  by  Logarithms,  whatever 
be  the  Index  of  the  Power  of  that  Nomial  \  as  likewife  Expreffions  of 
Logarithms,  of  Arches  by  the  Sines  or  Tangents,  of  Areas  of  Curves 
by  the  Abfcijfas^  or  any  other  Fluents  or  Roots  of  fluxional  Equations^ 

For  the  Sake  of  diis  gr«^t  Generality,  it  may  not  be  improper  to 
ihcw  how  this  Method  is  derived  fronn  the  forefaid  CorMary  ;  therefore 
z  and  PC  being  two  flowing  Quantities  (whofe  Relation  to  one  another 
may  be  cxprewd  by  any  Equation  whatfocver)  by  thiis  Cor^Uary^  while 
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2by  flowing  uniformly  becomes  ».4*  %9f  wiH  bejnsinrjr> 


X 


i^x 


1  .2Z*  f  .  2.3:*'  .     ^  I  IXa       1-2.^ 

for  z  putting  i* 

Hence  if^  be  tke  llooc  of  any  Espteflion  formed  of^  and  kncMrn 
Quantities,  and  fuDpofed  equal  to  nothing,  and  z  be  a  Part  of  >  and  n 
be  formed  of  z  and  the  known  C^antities,  in  the  fame  Manner  as  the 
«      ^  J.         1  ^.     ..t^-  .   .   r        '  )fj^;  and  let  jr  be  equal 

exCraiSting  the  Root  of 


Ezpreflion  made  eqoal  to  nothing  is  formed  ofj^ ;  and  let  jr  be  equal 
to  2  + VI  the  Difference  v  will  be  fbund  bjr  exCrs"^' 


dus Exprcffion x  +- — h +  6?^*  » 6.    For  m  this 

*^  ^I        1*2       1.2.3 

Cafeiz  bebg  become  z  +  v  »/>>?,  which  is  now  become  jr  4*  x  v+iLH^ 
^  &r.  muft  become  equal  to  nodiing. 

The  Root  V  in  the  Equation  x+  —^tHHl+JLZl — a.  Gf^.  :2:oy 

I       r .2     I  . 2 . 3 

is  to  be  found  upon  the  Suppofition  of  its  being  very  final!  withrefpcft 
to  Zy  (as  it  muft  be,  if  z  be  taken  tolerably  exaft)  by  which  Means 

X  V^  X  V 

the  Terms H-  ■-4-g^f,  may  be  neglefted^  uponacr 

1.2.3     1-2.3.4 

count  of  their  SmaUnels  with  refpeft  to  tbt  odicr  Terms,  fo  as  t6 
leave  the  Equation  M^l^+JL^sso,  for  finding  thk  firft  Ap> 

I  1*2 

pranmadoni^tr. 

By  cxtra£tii^  the  Root  of  tlus  Equation,  we  have 

/. -  •       ' 


o  =  y^-^.-.iL.,  That  is, 

L 


X  X  9t 
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la  7U. Mtthod  £^ Approzmiatiiig  in  the  Exirafficn 


Firft,  ♦/4-^-4L,if«  +  ;tr-|-i2!l=o. 


Second, /Ei^i^-  fl,  if-;*+;^..+  lil 


X^         9C  X  ^ 


Third,  i-r/ii- lf,ifx-.^^+i£l,  Gfr.  =0. 


Fourth, i-/i-ii^,  if-;..~;.;+iil,{ifr.=a 

This  Approximation  gives  v  exad  to  twice  as  many  Places  as  there 
are  true  Figures  in  z,  and  therefore  trebles  the  Number  of  true  Figures 
in  the  Expreffion  of  jr  by  z  -f-  v,  which  may  be  taken  for  a  new  Value 

of  2,  for  computing  a  fecond  v,  feeking  other  Values  of  x,  x^  x^  fefr • 
Though  when  z  is  tolerably  exadt  (which  it  may  be  efteemed  when  it 
contains  two  or  three  or  more  Figures  true  in  the  Value  of  y^  according 
to  the  Number  of  Figures  the  Root  is  propofed  to  be  computed  to) 
the  Calculation  may  be  reftor'd  without  fo  much  Trouble,  only  by 


X  •  ••  ,  ••        • 

taking  ^  4!-±^— ^Ar  v^  — — — rr  ^  J  ^c.  inftead  of 

X*       X       a-Sx  1.2.3.4X 


•  i^Ht  ^  takmg  every  Time  for  v  its  ValuB  lafl:  computted. 

\    X*  X 

••               •• 
From  the  famcExjqationx  -f-x  v  -|-fL5L+: — t^ h  ^<"-  =  o, . 

may  be  gather'd  «lfo  a  rational  Form,  viz.  v  ss     /*   ..    For  negleft- 

X  X 

X — — ? 


2  X 


iog  the  Ttnm  J--L — ,  fcff.  weihave  v  =s  — - — rr  which  is  nearly 


ifiU  Rm9  of  Eqm$i$m  in  NwiiUrs^  improvU'  %% 

ssnl.    Therefore  Ui  the  Diviforinftead  of  V  writing  ;^  we  have 

■  X  ■  X 

more  eacaftly  p  =5  **  *  -. — thati^ 

•  XX 

2  X 


I.  — i— — ,  when  X  -f-  X  V  +i^  e?^  s:a 


2X 


*        «u^«_«^  :-.  .  j^t>* 


2 TT— » when  — x+*vH.iLr.fc?^.s5a 

iLf. 
2;tf 


;+iLiL 


3 — R — »  when  if  — • « »+  fiL  &?f.  s  o» 

Z        XX  2 


2X 

4^— — r. — »  when-— ;(?-— ^'t^  +  JL!!!  C^r.  =0. 

2  *  . 

Tlus  Ftmuh  will  alfo  triplicate  the  Number  of  true  Figuiva  in  x» 
And  the  Calculation  may  be  repeated,  after  every  Operatton,  taking 

•  •  •  •• 

foraDivifor*'±lv-i-i!:!-+ ^"^        +   tic.   inftead  dl 

~a         1.2.3'   1.2.3.4   ^ 

2«r 

Dr  Hdliej  has  fully  explained  the  Manner  of  ufi^g  both  thefe  Fer- 
xM^s  m  Equations  of  the  common  Formj  i^dwrefore  I  Aall  be  the 
ihort«r  in  ezplaining  two  or  duee  Examples  of  another  Sort,  j 

M  2  JS>.  ,. 


Uaff  i;  I^hbepcoppfcd^  M*F«POt  ^f  this  SquatjoRyTJ^ *^* 
+  jr  —  16  :^  o.    In  this  Cafe,  for  jr  writing  2,  and  fw  o  writing  V,  we 

+  2 —  16  =  x.  WJience  by  tAwgibe  Flyxions,  we 
havex=2  •  2x2x2*4- ij  *  '+  I,  and  ir*s=^  1/  2  x  8 — ^41/2  x* 
X  2*  +  11  .  For  finding  the  firft  Figures  of  the  Root;?,  for  •  2  take 
4,  and  we  have  the  Equation  j?*  -Jr  ir  -f-  jr  -^  16  =  o,  which beii^  ex- 
panded ^ves/  +  3J^ 4-  i/  +  32>  —  ^55  =  o- 

By  this  Equation  I  find  that  for  the  firft  Suppofition  we  may  take 
z  =  2.    Therefore  in  order  to  fittd  %  let  us  now  make  •  2  =  ^  (which 


is  nearer  than  before)  and  we  have  a;  =  2*  +  ir4-2 — 16  is  2*4-  ij**' 

— 14:;^  5"*" —  14  =  —  4, 48  ;  ;r  =r  10,  66  5  ;?  =  4,  72.    Whence  by 

•  !4,''48  *      *   f  -    ..        -  r. 

the  fccond  rational  Form  v  =        '■  =  o>  j8  jj 

4,  72  X  4,  48 
10,  66-1-  — — — — . 
^    2  X  1O9  66 

which  muft  be  too  big,  becaufc  ^  t^  i/  2,  and  therefore.  ^i\\  require 
a  larger  Value  of  jr  to  exhauft  the  Equation,  than  where  1/  2  is  exaft. 
For  the  fecond  Suppofition  therefore,  let  us  take  z  =  2,  3,  and  make  \/  2 


==  i^  4142 136,  iaud  by  tielp  of  the  Logarithms  we  fhall  We  2"^+^i 

=  13*  47294?  whence  x:=i  — o,  22706;    x  =  i4»93429>  and  x  = 
5,18419.     Hence  by  the  2^4  Irrational  i^«n»»i> 

V  =  •  i±J|429:  ^^  2iA5Art2_  14.  93429  ^o;ogi6^^hichgiycs 
5,  18419*        5,  18419        5,  18419 

j^  =  zH-v  =  2,  31516,  which  is  true  to  fix  Places.  If  you  dcfire  it 
more  exafl:  than  to  the  Ettent  of  the  Tables  of  Logarithms,  taking 
z  =  2f  31516  for  the  next  Suppofition,  the  Calculation  muft  be  repealDed 


by  computing  «  »^  i\     to  a  fiifficraib  Number  of  Places }  whtdi 

muft 


of  the  Baati:  ^Efudihm  in  NmAen^  impiov'd.  85 

muft^  donelijr  ^  ]^jnoimal  Series,  or  by  making  a  Iioganchm  oa 
Poirpoie,  true  to  as  tnaAy  Places  as  are  neceflarv. 

£x.  2.  For  anotberEjounple,  let  it  be  required  to  find  the  Number  whofe 
Lagarithm:ist)»  29,  £ippoung  we  liadnoocher  Table  of  Logarithms,  but 
ykJSbinf%  id  aoo  Ix^gunthms  toa  grat  many  Places.This  amounts  to  the 
fdblving  this  Equation  /jf=o,  29,  or  /j^— o»  29  =  o*  Henca  therefore  we 

have  x=lx—  o,  29,  x  =^  (a  being  the  M^bu  belonging  to  the  Table 

z 

•  ••         ^ 

ntxi^vhua,  4342944819,  tSc.)  xa  rif ,  x  =  —^    x^::izJ^(^c. 

z*  z^  x^ 

Indus  Cafe  becaufeir^. a  itepltiye  S^  chancing  the  S%m  of  all 
the  CoeffidcQC^  the  Canon  for  tr  will  be  found  in  the  founh  Cafe, 


which  in  the  irrational  Form  gives  v  =  ^  •^4-ii!--.     ^^      ^^ 
!  .  :  X        ]e      X        % .  ^x 


_v^&fr.  =  2  — •z»+jilZl£Li?X2»+  lli— 11! 


2  X 
2-3.4-«       ^  J*    -4  2J» 


+-i^,  tf  f.    In  this  Cafe  to  avoid  often  dividing  by  z,  it  will  be  moft 
convenient  to  compute — ,  whkk  is  got  from  this  Equation  ^^z±  i 

z  2& 


rithm,  in  the  Tables  propofed,  to  the  prqx)fed  Logarithm  o,  ig  is 
0,  29003461 14,  its  Number  being  i,  95.  Therefore  for  the  Hril  Snp- 
pofiticMi  taking  2=1,  g^y  we  have  x{=zlz — o,  29  =  o,  29003461 14 

~o,  29)  =  o,  0000346114.  and  a /g-o.58_o.  0000692228    ^ 

a  o,  43429448*9 

0,  C00X5939139,  and  I  -f-l-^mHli.  —  1, 00015939139.  Whence 

for 


&j6  A  Series  far  .^prifing  the  R^t  ofj  inc. 


-tf^ 


for  the  iiiifc  Approximation  we  hare  L«  =  i  — •!>  0091593^129  s: 

—  o^  00007969247,  and  t^  ss  —  o,  oooi554xx)3i9  and  jr  ss  a:  +  v  =s 
ii  949344699^$*    Which  is  true  to  eleven  Placesslandm^ealilfise 

correfted  by  the  Terms  iiL.,  ^c.  which  I  leave  to  the  Reader's  Curi- 

ofity. 

^BeingupQii  the  Subjed  of  AjpprQxim^oos,  it  may  ^ot  be  amifi  to 
fet  down  Here  two  Approximations  I  have  formerly  hit  upon.  The  • 
one  is  a  Series  of  Terms  for  expreffing  the  Root  of  any  Quadratic  £qua« 
Oon ;  and  the  otiier  is  a  particular  Metliod  of  approximatmg  in  the  In- 
ventioQ  pJF  Logarithms,:  which  has  no  Occafion  iof^  any  ©f  die  Tniifccn- 
dental  Methods,  and  is  expeditious  enough  for  making  the  Tables  with- 
out much  Trouble. 

AjteneralSi'       ^'  Any  Quadratic  Equation  bang  reduc'd  to  this  Form  yx  — iwjjip 
riesfor  ex-     +  w  j^  =  6,  the  Root  X  Will  bc  cxprclsM  by  this  Series  of  Terms. 

tfflngthe 


K 


.oot  ofatrf  y 


Quadratic  E 


x=:  — +  Ax f-Bx l-Cx 


J  IW  J*  tf  *  —  2  ^»  —  2 


^  D  X  ■■  £s?r.  which  muft  be  thus  interpreted. 

^  —  2 

I.  The  Capital  Letters  A,  B,  C,  ^c.  ftsmd  for  the  whole  Terps 
with  their  Signs,  preceding  thofe  whereen  they  are  founds  as 


B=Ax 


y 


2.  The  little  Letters  a^  ^,  r,  G?r.  in  the  Divifors,  are  equal  to  the 
whole  Divifors  of  the  Fradbion  in  the  Terms  inmiediately  preceding  j 
thus  h  z^a^  —  2. 

For  an  Example  of  this,  let  it  be  required  to  find  v^  2.  Puttmg 
•  2  s  X  -^  I,  we  have  x*+2^— -x=o»  which  bdng  compared 

with 


A  New  Method  of  computing  Logarithms.  Sj 

vitii  the  general  F&mMla^  ftives  m  9  =  -*  2»  and  m  jr  =  *-  i  •  there- 
fore for  m  taking  —  i*  wc  have  }  =  2,  and  j^  s  i,  %vhich  Values  fub- 


fiituted  in  the  Series  give  a  =s— 


2x6      2x6x34    « 

^  (^c.    The  Frac- 


ft  x6x34X  1154       2  X  6x  34  X  1154  x  1331714 

tions  here  wrote  down  givbg  the  Root  true  to  twenty  three  Places, 

3.  This  Method  b  founded  upon  thefe  Confidcratidns.  iJdrf ulHl 

1.  That  the  Sum  of  the  Logarithms  of  any  two  Numbers  is  thtf^^g  ^^^ 
Logarithm  of  the  Produd  of  thofe  two  Numbers  muldpiied  together.   ""^°"' 

2.  That  the  Logarithm  of  Unit  is  nothing ;  and  confequenly  that 
the  nearer  any  Number  is  to  Unit,  the  nearer  will  its  Logarithm  be  to 
o.  idfyj  That  die  Pnxluft  by  Multiplication  of  two  Numben,  where- 
of one  IS  bigger,  and  die  other  lefs  than  Unit,  is  nearer  to  Unit 
than  that  of  the  two  Numbers  which  is  on  the  fame  Side  of  Unit 
with  itfelf ;  for  Example,  the  two  Numbers  being  4  and  4^,  the  Pro* 
duft  r  is  left  than:  Unit,  but  nearer  to  it  than  4*  which  is  alfo  lefs 
than  Unit  Upon  thefe.  Coaliderations^  I  found  the  prefent  Approxi* 
mation  •,  which  will  be  the  beft  explained  by  an  Example.  Let  it  there- 
fore be  propofed  to  find  the  Relation  of  the  Logarithms  of  2  and  of  10. 

In  order  to  this,  I  take  two  Fraftions  _  and ,  viz.-l±.  and    ^.  L 

100         10         icj;*         10 1? 

whofc  Kumerators  are  Powers  of  2,  and  their  Denominators  Powers 
of  IO-,  one  of  them  being  bigger,  and  the  other  lefs  than  i.  Ha* 
ving  let  thefe  down  in  Decimal  Fraftions  in  the  firft  Column  of  the 
Table  annexed,  againft  them  in  the  fecond  CoKimn  I  fttyi  and  B  for 
their  Logarithms,  expreffing  by  an  Equation  the  Manner  how  they  are 
compounded  of  the  Logarithms  of  2  and  10,  for  which  I  write  /.i 
and  /  10.  Then  multiplying  the  two  Numbers  in  the  firft  Column 
together,  I  have  a  third  Number  1,024,  againft  which  I  write  €  for 
ks  Logarithm,  exprefling  likewife  by  an  Equation  ift  what  Manner  C  is 
formed  of  the  foregoing  Logarithms  A  and  B.  And  in  the  fame  Man- 
ner the  Calculation  is  continued ;  only  obierving  this  Compendrnph  that 
before  I  multiply  the  two  laft  Numbers  already  got  in  the  Table,  I 
confider  what  Power  of  one  of  them  muft  be  ufed  to  bring  the  Pror. 
duft  the  neareft  to  Unit -that  can  be.  This*  is"  foutid,  afc^r  wc.  have 
gone  a  little  Way  in  the  Table,  only  by  dividing  the  Differences  of 

the.- 


58  4if^  M^Mrfeifffii^ 

theNumhets  froixkUmt  ofte  by  the  other*  ami  taklttt***  Qnotidit 
with  the  n<fareft,  for  l^e  Index  of  the  Poiwcr  w^antcd*  Thi»  the  two 
laft  Numbers  in  tlic  Tabic  being  oi  8  and  i,  024$  their  Differences 


from  Unit  arc  o,  ^00  ftnd  o>  024  •»  therefore  ^^2_  gives    9  for   the 

0^024 

1 
Index;  whercfbrc^ multiplying  the  ninth  Tower  of  j:*»4(  by 0,  8^^  I 
have  the  next  Number  o,  990352031429,  whofe  Ix^arithm  is  D  =  9 
C  -f  B. ;  In  feekm^  the  Index  in  th^  Manner  by  Di^iMb  of  th£  Oifr 
ferehces,  the  Quotient  ought  generally  to  be  taken  with  the  leaft  : 
but  in  the  prefent  Cafe  it  happens  to  be  the  moft,  bibaafe  inftead  of 
the  DifFerence  between  o^  8  and  i»  we  ought  ftridly  to  have  taken  the 
Diflfer^nce  between  the  reciprocal  r,  25  and  i,  which  would  have  gi^ 
vcn  the  Index  la  5  and  that  would  be  too'  big,  becaufe  the  Produft 
by  that  Means  would  have  been  bigger  than  i»  as  i>024  is.  Where- 
as this  Appro>dmation  requires  that  the  Numbers  in  the  firft  Co* 
lumn  be  al^mately  greater  and  lels  than  i»  as  may  be  ieea  in  the 
Table..  ^ 

When  I  have  in  this  Manner  continued  the  Cakuladon,  titi  I  have 
got  the  Numbers  fmall  enough,  I  fuppoTc  the  laft  Lo^uithm  to  be 
equal  to  opthing.  Which,  ^ves  me  an  Equation^  from  which  having 
got  away  the  Letters  by  Means  of  the  .forgoing  Equations,  I 
have  the  Relation  of  the  Logarithms  propoled.  In  this  Manner  if  I 
fuppofe  (7  =  o,  I  have  21 26  /  2  —  643  /  10  =0.  Which  gives  the 
Logarithm  of  2  true  in  ieven  Figurc;3>  and  too  big  in  the  Eighth  5 
which  happens  becaufe  the  Number  correfponding  with  G  is  bi^er  than 
Uiut.  -  . 

There  is  another  Expedient  which  renders  this  Calculation  ftill 
flxorten    It  is  founded  upon  this  Confideration»  that  when  x  is  very 


fmall  I  +  ^  r  is  very  nearly  i  +  nx.    Hence  ifi+x»andi  —  zare 
the  two  laft  Numbers  already  got  in  the  firft  Column  of  the  Tables 

their  Powers  i  +  x\  and  i  —  »!  are  fuch  as  will  make  the  Produft 

I  +  ^  I  X  I  +  2;1  very  near  to  Unitj  »  and  »  may  be  found  thus  : 

I  +  X  Iss  i+mx  and  i  —  2:1  =  i—  n  z^  and  confequently  i  +  x^ 

K  I  •— ^Iss  1+mxmm.nz^mnzxy  or(ncgleaing»»2x)  i  + 

mx 


A  jN'em  Metbod  tf  computing  Logarithms. 


tjual  to  I, 


MUce  diis  e- 
aad  we  have 


c 

ll    g  vo  o  vo 
Oo    •    so   O  VO 

a\h>vo  ovo 


2  vb  O  vo  Q  vb  Q  vc  o  vb  Q  vo 
3^5  5>9  y^5  2>5  Q^P^ 


flf  :  n 


z:x;:/i  —2  :  / 


I  +  X.    Whenccx/i— z 

+  2  /i+x  =  o.  To  give 
an  Example  of  the  Applica- 
tion of  this,  lee  J,  024  and 
0,990352  be  the  laftNum- 
bers  in  the  Table,  their  Lo- 
garkhms  being  C  and  D. 
Then  we  have  1,024  =1+ 
X,  and  o,  990352  =  i — «, 
andconlequendyx=o,024, 
and  2=0,009648.  Whence 


OmQmO^O^ 

-        -       o 
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the  Ratio  .. 
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in  the  leaft 
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Numbers  is  ^—. 
500 

for  finding  the  Logarithms 

propofed  we  may  have  500 

0  +  2010  =  48510/2  — 

14603  /  10  =  o  -,  which 

^vcs  /  2  =  o,  3010307, 

which  is  top  big  in  the  lai): 

Figure ;  but  it  is  nearer  the 

Truth  than  what   is  got 

from  the  Logarithm  Ffup- 

pofed  equal  to  nothing.  So 

that  by  this  Means  we  have 

faved  four  Muldplications, 

¥^ch  were  necefiary  to  find 

the  Number  9989595,  &fc. 

correipondent  to  /%   and 

which  muft  have  been  had  if 

we  would  make  the  L(^-        ^ 

lidxm  true  to  the  lame  Number  of  Places  without  tlus  Co^ipen^ui^ 

I  have  computed  this  Table  fo  far,?  that  .the  leader  may  fee  io  what 
Manner  this  Mediod  approodmates  %  this  whole  Work,  as  it  appears^ 
requiring  a  little  more  than  three  Hours  Time* 

yoL.  IV.  N  XVIII. 
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Ofthtfim-  XVIII.  1  fm,  I.  Ffh.  To  find  the  Sum  of  any  Namber  of  Tem» 
r»y.''/-   of  this  Series. 

miiSiriis^  ^                __         _^^_         _^  - 

Fart  I.  by  P.  a  X  a  ^  nyc  a  4^  2  h  X  a  4^  2  nx  a  +  AHj  &C  xa  +p  —  i  » 

it.  de  Mon-                       ___                           |_  «__• 

mort.  n,  353.  ^a^Hxa+znxa  +  ^H  x«  +  4»,  &c.  x  a  +  pn 


+  tf  +  2»x<J  +  3»  xtf  +  4»,  &c.  X  a  +p  ^  I  n 


+  a+3»xtf  +  4.».  &c.  X  /?  +  ^  +  2 


+  /j  +  4»,  &c.  x^+/>+  3» 
fe?r. 

Here  »  is  the  given  Difference  both  of  the  continued  Faftors  aya  +  n^ 
^  +  2  »,  &ff .  of  every  the  fame  Term,  as  of  the  homologous  Faftors  of 
the  fucceffive  Texms  of  the  Series  continued  •,  and^  denotes  the  Number 
of  fuch  Faftors  in  every  Term. 

Solution.  Let  x  denote  the  firft  of  the  Faftors  in  the  lafl:  of  the  Terms 
whofe  Sum  is  required  ;  then  that  Sum  wiil  be 


xxx  +  nxx  +  2ny  (sJc. xx-^-pn  —  a  —  nxaxa  ^nxlic. x g+/ — i  n 

p  ^  1  n 

Example  i.  Let  the  Series  of  natural  Numbers  be  propofed,  i  4.  2  -|-  ^ 
+  4,  &ff.  and  let  the  Sum  be  found  of  fo  many  Terms  as  there  are 
Units  in  the  Number  2,  which  in  this  Cafe  is  alfo  the  iaft  of  the  Terms 
whofe  Sum  is  required.  Then  in  this  Cafe  it  will  be  <?  =  i, »  =  i,p  =  i, 
and  X  ^:z.    whence 

xxx+n  X  (^c.xx+pn:=:z  X  z+iy  and  a  —  n  xaxi^c.  x  a+p — i»=o, 

and  p+  I  «  =  2  X  I.    Therefore  the  Sum  required  is  z  xz+  i. 

2  ' 
Exantpk  2.     In  the  Series  i  +  3  +  6  4-  10,  6?f.  of  Triangular  Num-^ 
bers,  let  the  Sum  of  fo  many  Terms  be  found  as  there  are  Units  in  the* 

Number  z.    The  Numbers  in  this  Series  may  be  wrote  thus :  liL? 

2    * 

iiL3,  lajr,  i2L5,  ^c.    By  this  Means,  if  we  fet  afidc  the  given 
222 

Divifor  2,  the  Series  is  reduced  to  the  Form  of  the  PropofiticMi,  it  being 
41  =:  ly  IT  =  1,^  =  2,  and  X  :szz.    Whence  the  double  Sum  of  the  Sc- 

rics  is  ^xJq:TxMr^^o,^x7+-ix;r+J    ^nd having Re^ 
3  3 

gard 
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gard  to  the  Divifor  2,  the  Sum  of  the  Scriea  wUl  be  iiLfL±iJLJi±i, 

2x3 


or  ^^^  ^^>  in  this  Cafe  a^  and  z  bemg  the  fame.      And  after 

2x3 

the  fame  Manner  the  Sums  of  the  other  figurate  Numbers  may  be 
found,  whole  F<M:ms  are  now  commonly  known. 

Exan^k  3.    Let  tf  =  i,  »  =  2,  ^  =  3,  that  the  propofed  Scries  may 
beix3X5  +  3X5x7  +  5X7X9,  df^.   In  this  Cafe  the  Form  w 


^^.QMTn;,^xx+2x;f  +  4xx  +  6-- 1  —  2x1x3x5  = 

.4x2 

yxrT"2xMr;xxT"6+i5-.    For  Inftancc,  if  the  Sum  of  ten 

Terms  is  required,  then  x  =  19,  which  is  the  tenth  Term  in  the  Series 
of  Arithmetical  Proportionals  193959  79  ^c.  and  therefore  the  Sum  is 

19x21x23x25  +  15^  2gg^^  jj^^  ^^  Propofition  is  thus  demon- 

ftrated. 

Demof^ration.  Let  there  be  a  Series  of  Quantities,  A^  B^  C,  D,  ^c. 
whoie  Differences  conftitute  the  Series  <i,  ^,  r,  J,  &r.  fo  that  it  may  be 
«  =  £  —  J^b  z=.C  —  Bf  c=D^^C^  6?  f .  Hence  we  immediately  ga- 
dier,thatij  + *  =  C— y^,  tf  +  *  +  r  =  1/— ^,  tf +.*  +  f +  i/=£  — ^; 
and  in  general,  that  the  Aggregate  of  any  Number  of  Terms  of  the  Series  a^ 
3,  r,  dj  fcff.  is  equal  to  the  next  following  Term  of  the  Scries  J^  JS,  C,  D, 
(^f .  Idflen'd  by  the  firft  Term  J.    For  Jy  J5,  C,  6fr.  take  the  Terms, 


a^n%a  +  2nx  &c.  x  a  +  p-j^in 


j(^c.  that  is,  the  fucceffive  Values  of 


xxx+nx^^.H9(  +  pn  ^  ^^  ^^.^  Differences  being  taken  for  a,  h 
^+  in 


€%  d%  G?r.  then  will  a  x  tf+»,  x  fc?^-  x  ^  +/>— i  »,  a  +  »xtf+2»,x  fis'^r- 

.  N2  X 


9^  ^f  Infinite  Seriiisv 


Ha^p hy  &v.  whifch  are  the  very  Tenn»  of  the  Series  propos'd.    Bbr 

by  comparing  thefc  Series,  if  any  Term  of  the  lattcrScries  isjr  xje+n^x&c. 


XX  +p  —  I  »,  it  is  plain  that  the  Term  one  Step- farther  in  the  former 


Scries  will  h^llJL±l^M£^^^^fM^.    Theitfcre  the  Sum  of  the  lat- 
p  +  iH. 


fcr  Series,  as  far  as  th&Term  x  xx-^^jX^c.  x  at  +  f^ —  iTMndufivcIy,  ias 


:^xx  +  n^x(^c.xX'^t^n^a—nxa^:l(^c.x4i'^p^in      ^  ^  ^^ 

Scbotium  1*  Iti  this  Propofition  is  contained  fome  Uttle  Part  of  the 
Jflkrbodus  Incfemakanm^  concerning  which  two  Years  ago  my  Ttry  good 
Fridttd  Dr.  Brock  J^yfor,  Secretary  to. die  Royal  Society  zt  Londonj^ 
publifii'd  a  Bookc.  lie  that  would  know  more  of  this  Method  fhouid 
confujt  that  Work..  It:  \%  fufficicnii  for.  ouriPUrp6fc  to  obferve,  how 
great  an  Affinity  there  is  betweea.this  Method  and  the  Method  of  Flux- 
ions, or  the  Differential  Method.  Foc^as  in  the  Method  of  Fluxions,  ta* 
find  the  Fluxion  of  ^"  any  Dignity  of  ^, ,  one  Side  is  to  be  convened 

into  the  Fluiioh  i^  ind  the  Quantity,  arifmg  is  to  be  multiply'd  intofli 

Ae  Index  of  die  Dignity^  that  the  Fluxion  fought  m  x  x"*^'  may  be  pro- 
ducM ;  fain  theh&thod  c^  Increments^  .to  find  the  Increment  of  fuch  a. 

Prbdi^  X  HAf  +  nx  x+  2»>,(where  tlic  Faftors  x^jc  +  »» x  +  2  »,  are 
10  Arithmetical  I^rogreffion,  whofe  common  Difference  is  »  the  ^vch 
Increment  oixy)  the  leaft  of  the  Fadors  x  is  to.  be  converted  into  the 
Incremeni;,  and  the  Quantity  ariiii%  is  to  be  multiply M  by  tl>e  Number 

of  the  Faftors,. fe  that  3  nxx ^nx.x-^-  2n may  be  the  Increment 
fought^  the  Number  of  Fadtors  in  the  Cafe  propofed  being  3^  Thus  al- 
io tJie  Ricrement  of  x  x  ^  +  »  becomes  2  if  x  ^  +  n. 

2.  Alfo  by  the  fame  Rule  are  found  the  Increments  of  the  Recipro- 
cals of  fucli  Produdlfi.    But  here  it  muft  be  obferved,  that  as  Divifion  is 
contrary  to  Multiplication,  inftead  of  taking  away  the  leaft  of  the  Fac- 
tors, now  another  Faftor  muft  be  added,  which  is  greater  ftill  by  one  - 
Iftgjrenoent* .  Alfo  that  the  Number.of  the  Factors  muft  be  wrote  with  a-* 

nega- 
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rttff&n  Sign.    By  this  means  the  Increment  of  ^  will  beT.^jL?^ 


*  xxx-^n 


The  Increment  of ■-        will  W  — ■  And fo in 

xxx-^-n  x%x  '^nxx^2n 

all  others  of  this  Kind.    This  b  cafily  proved  by  taking  the  Differciices  • 
between  two  <:ontinued  Values  of  the  Integrals. 

3.  By  treading  in  the  Steps  of  the  Dire&  Method,.we  may  hence  col- 
Jeft  the  Rules  of  the  lAVerfe  Method,  by  which  die  Integrak  of  any^ven* 
Increments  are  to  be  found.    For  let  the  given  Increment  be  an>ly*d  t4^< 
the  known  Increment  of  the  Side  ^  let  a  FaAor  be  added  whidi  is  ftill^ 
]eis  by  one  Increment,  and  let  the  Quantity  that  ariics  be  apply M  to  the 
Number  of  dttFa&>S5  fo  increafed..  Thus  for  Example,. tf  the  given- 

Increment  were  fi  k  xx  x+»x  x  +  2  »,iti)ecomesfirft  x  x*«  +  nx  x+2  »i  • 
then  X  —  n XX  x  x  +  n  xx-f-  2  madding  the  Faftor  x  —  «  5  laftlyj,: 


X  ^M  X  X  X  X -h » XX  +  in   ^^.^^  .^^^^  ItiXcgtsU  required:    This  ob- 

tains  when  the  Fadbrs  aic  Multipliers ;  but  when  the  Faftors  are  in  the 
Place  of  Divilbrs,  then  mutatis  mutandis  the  Rule  is  thu&  Let  the  ^ven 
Inoemcnt  be  applyM  to  the  known  Increment  of  the  Side  ;  let  the  ^eat- 
eft  of  the  Fadors  be  rejeded,  and  let  the  Quantity  arifii^g  be  apply'd  to 
the  Number  of  the  Faftoss  remaining  with  a  negative  Sign.  For  Ex- 
ample, let  be  givenxhc  Increment  . — ^^ 1=^'  ^'^^  it  l)e- 

xxx+«x*-H2« 


comes =«-=5-=-=»then :^==r,  lattly,  ' 

XXX-i-»XX+2»  XXX-+-»       ^  ^2XXXX  +  » 

or        ~'    — I  which  is  the  Integral  required. 

2XXX  +  IT 

In  this  laft  Cafe  the  Integral  found,  with  a  contrary  Sijgii,  As  equd  to 
Ae  Sum  of  all  the  Increments  in  the  Series  being  continued-to  Infinity. 


For  Example  it  i: 


Mtm^i^m^immmM^ 


i,xxx  J^n    xxx^-^-xx^-  e-» 
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-=.-.+   ,, „■     !L=:-Tn:-r:^>  ^C 


For  in  this  Cafe,  x  becoming  at  laft  infinite,  -^ vanilhcsp  that 

2XX  X'+'H 

is,  the  laft  of  the  Terms  Jj  5,  C,  ^c.  becomes  nothing  ;  and  becaufe 
of  the  Contrariety  of  the  Signs  of  the  Integral  and  Increment,  inftead 
of  —  ^  the  Aggregate  is  exprefe'd  by  +  ji. 

Lemma  i.  In  any  Series  of  Numbers  Af,  JV,  O,  P,  &?r.  let  any  Term 
be  denoted  by  Jf,  and  let  the  Place  of  that  Term  in  the  Series  be  denoted 
by  X  J  that  is,  let  y  =:  i,  when  X  denotes  the  firft  Term  or  Af ;  let  ;f  =  2> 
when  X  denotes  the  fecond  Term  iV,  and  fo  on.  And  of  the  Terms 
iW,  iV,  O,  P,  (^c.  let  b  be  the  firft  of  the  firft  Differences,  c  the  firft  of 
the  fecond  EJifferences,  d  the  firft  of  the  third,  e  the  firft  of  the  fourth^ 

y  -^  I  X—  I 

and  fo  on.      Then  it  will  ht  X  =  M+  h  x +  r  x 


I  I 

X— ^2  X —  I        ^-—2         X  —  3  X—  I        4f— 2 

X  ■  +  rf X  ■'  X  ■  X  '      -I-  f  X  ■■    .         X  ■■ 

2  •  I  2  3  12 

^—3      «^  — 4 
X  ■  X  ,  'f?f.    This  follows  from  die  Table  of  Equations, 

3  4 

fag.  66.  of  our  Treatife  caird  Effa;/  d^Analyfe^  &c. 

Lmma  %.  The  f^me  Things  luppofcd,  let  any  Term  in  the  Series  of 
Arithmetical  Proportionals  ^)  «  +  ^9  ^  +  ^  ^'  ^^«  ^  denoted  by  t^  and 


now  let  it  htXzzA-^^Bx^CzyLzJ^n^  Dzxz  +  ^x  24-  2  » 


-H£2X2:  +  »x2;+2»x2  +  3»,e?r.     Then  the  Values  of 4,  ^, 
C,  D,  £,  Gf^.  wiU  be  thcfe  following. 

—  ^  — -n      — tf  — » 

.^=ilf  4-^  X— ^+^x  — x  ■ 

n  n  2n 


—  /I       — tf  — »        — ./I  — 2» 

+rfx— X-  X 


n  2  J9  3;* 


1 

«! 
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-^ex— X"  X  X  ,6?^. 

n  %n  1%  4n 

5  =  —  x*+  ^x  ■  ■  +  dx  X 

»  n  n  2n 

-+•  ^  X  ■  X  '   X  ■  ,  Gf  r» 

I  I  — II— 2«  — /I  — 2»    — J  — 3» 

C=-r-  X  — X  r  +  i  X ■  +ex  x ,  &?r* 

IT      2»  ly  n  2n 

II  I  —  tf  —  3 » 

D  ==  —  X  —  X  —  X  J+  f  X  ————— ,  6?r. 
II      2 »      3 »  n 

1         1         I  I 

£  =  —  X  — •  X X ^',  6?r. 

^        2»       ^n     ^.n 

The  Order  of  forming  the  Coefficients  of  ^,  f,  </,  ^,  tfi:.  in  thefe  Va- 
lucsj  is  fufficiently  manifeft  of  itfelf. 

Demcnftration.  Becaufe  by  x  and  z  the  relpe6Kvc  Terms  of  thefe 
Arithmetical  Progreffions  are  denoted,  i,  2,  3,  4,  (^c.  and  a^a-^n^ 
ii-f.  2  »,  tf  +  3  «,  fcf^.  therefore  ;c  —  r  will  denote  the  Number  of  the 

Difierenccs  n  which  is  cpntain'd  in  2,  fo  that  itis2=:^i  +  ^  —  i»* 
I 

Hence  it  is  that  x  — 1=:?~.^,  x  t^  2  •==. ? ? f  r  ^  —  3  = 

I    -^^^^^ '^^y  (Sc.  Therefore  by  fubftituting  thefe  Values  x —  i^x  —  2, 

I  ^  - 

X  —  3,  fcfr.  in^the  -Scries  of  the  foregoing  Lemma,  and  reducing  the 
Terms  into  Order,  the  Values  of  y/,^5,  C,  fc?r.  come  out  as  here  exhibited. 

\       CoroL  When  tf  =  »,  the  Values  of  A^  5,  C,  6fr.  become  more  fimple, 

I    as 

^        •      5  = 
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:d  ss£-  X  J— X  J-  X  ^  +  4  ^  fc?^- 
'    n       in      3 » 

I>mfflia  3,  Th€  Symbds  ^y  and  y  bring  Interpreted  in  the  Cime  Man- 
:tier  as  in  the  firft  Lemma,  let^,  r,  5,  /,  «,  i^c.  be  the  Generators  of  the 
Arithmetical  Triangle,  whofe  tranfverfe  Line  is  occupy'd  by  the  Series 
A/,  iV,  0,  P,  ^  fc?A  but  in  an  inverted  Order,  fo  that}  (=  M)  may 
.be  the  laft  Generator^  r  the  lait  but  one,  i  the  loft  but  two,  and  fo  on. 
Then  it  will  be 

X=q  +  r  X f-f  X X  — I-/X x—  x-— L— ,  tsfr. 

I  12  123 

This  is  plain  from  the  Confideration  of  the  Arithmetical  Triangle  it- 
felf,  which  we  have  exhibited  pag.  63.  of  the  Treatife  Effay  J^AnafyfCy 
tSc.  where  the  fame  is  more  folly  c35)laio'd. 

Lemma  4.  The  fame  Things  being  fuppofed,  and  the  Symbol  z  being 
interpreted  in  the  fame  Manner  as  in  Lemma  2:  If  it  is  JTssvf+JBz 


-f-  C  z  X  z  -h  ^9  &^-  ^  in  Lemma  2.  the  Values  of  the  Coefficients 
A^  B^  C,  A  ^c.  will  be 

^ss  j-l-  r  X— — +  ^x  -x  ■ 

n  n  2» 

•4-  f  X  ■  X  ■     X  ■>  6?^. 

,     n  2n  3» 

(Bs  —  X  r  +  jx —— 4- /  x«--— X-— -—-—-, GV. 
i»  »  n  2n 

II      2n  '         n  Dsz 


OflnjmU  Btrksu  gj 


XII 

n      2n      gn 

He  Order  of  the  Coefficients  is  manafeft  in  thefe  Values,  and  die 
LeiiMift  b  deiixxifbuted  in  the  Manner  of  the  (^ 

Cor.  I.  When  a  =  «,  the  Coefficients  A,  B^  C»  Z>,  ^c.  come  out  in 
iiin[der  Forms  thus« 

I     .......^^ 

A^i'^Tt  Szz  —  xr  —  Jt 

I        I        III     


C  =  —  X xs —  /,  D  =  —x— X-*— X'/— «,€^c. 

Cor.  2.  Whence  if  feme  of  the  Generators  $,  r,  j^  ir,  «,  C^r.  are  cqud 
to  one  onother,  JTwill  be  exhibited  by  a  (impler  Form,  fome  of  the  Co- 
efficients jij  By  C,  &V.  vanifhing. 

Thus  for  Example,  a  Series  of  Numbers  bebe  jM'opofcd  4,  69,  530, 
2676, 10350, 6f^.  which conftitute  the  tenth  tramyCTfeline  in#«  Arith- 
medal  Triangle,  whofe  three  firft  Genera:tors  are  54,  — 18,  5,  and  the 
fcven  laft  arc  equal  to  4  ;  it  bcin  '    *" 

by  a  Form  of  tour  Terms  «iiiy. 


—  —  — ^  f    -  *^j_i.       — '  •<"  — 

feven Jaft  are  equal  to  4  ;  it  being  j  s  i  ss  /» s  the  Term  X  is  exhibited 
oftoi 


%     Z-4-IZ+2  z-l-6  z    z+i 

M  — .  ■  '         .  Csfr.  X  ■  +  23  .  —  .  ■,  tSe. 

I         2^3  "  "7  '  I        2 

2-f  6  z      2+1  2  +  7  2    2+1 

X  M  II     ■  —  7^  .  ^— .  tf ^,  X  '» ■* .4.  54  »  1^ •  *-'     - 

^  y  12*  8  12 

2  +  8 
(ffr.  X  ■  ;  die  firft  £x  Coefficients  A^  B^  C,  D,  £,\r,  vanish- 

ing. 9 

Prop.  II.  Pr^.    To  find  the  Sum  oF any  Number  of  Terms  6f  thia 
Scries.  ^       * 

M  N ^ 

yot.  IV.  Q  * 
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o 

•*•  MTT^,  6?..  X  « +7+-,  „»  ^''  ^««  ^  Numerators  M 

if  J  O,  &r.  conftitctte  any  Series  of  Terms  whofe  Diffatnces  are  grreiv 
whether  firft,  fecond^  thiid^  &c.  or  which  is  the  fame,  they  oonflitutt 
any  tranfverfe  Line  in  any  given  Arithmetical  Triangle*.  But  the  De- 
tiominators  conftitute  the  Smes  exhibited  in  Pnp.  i. 

Solution.  Let  the  firfl  of  the  Faftors  a^  a  J^^  n^  tf-f  2  «i  &e.  be  i«- 
prefented  by  A'  in  the  Denominator  of  the  fame  Term,  fo  that  JIT  and  z 
may  be  the  fame  as  in  the  foregCMng  Lemma's  \  and  therefore  let  any 
Term  of  the  Series  be  reprefcnted  by 


— ---:--:;^ —  ^ssssL.     By  Lenmia  2  or  4,  (as  may    feem 

SB  X  z  4-  If » 6f(f  •  X  z  4-  ^  —  s 

convenient,  either  to  admit  the  Difl^rences,  or  the  Generators  of  the 
'Arithmetiad  Triangle,)  let  Jifbe  refolved  into  the  Multinomium  ji+  B 

xz4-Czxz4-i».4-Dzxz+ffX2»+2.is  &^.    By  thia  Means 
(the  Terms  of  the  Multinomium  being  apply'd  to  the  Denominator 

2X2-i-ff»&'>xz-(-^— »»}  every  Term  of  the  Scries  will  be  re- 

A 


duccd  to  the  Form      


Whence  (by  Scbol  4.  Prop,  i.)  the  Aggrq;tfe  of  the  vhde  Seriet 

y 
coR&iued  m  itfimtum  ftom  the  Term  '■■  1 


iodufivcly,  is  .  -g-B. 

J>— I  x»xzxz-(-»&r. xz-f-^  — 2» 

5 
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If  dus  Aggregrte  be  taken  fo>m  the  Value  of  the  lame  Aggregate  whea 
ssstf,  the  Remainder  will  be  the  Sum  of  all  the  Temu  before  die 

Xecm       ^ — ,  that  is,  of  fo  many  Terms  atdiere  are  Units  in  ^.H^ 
£v.  I.  Lfet  the  firft  Example  be  the  Series 


3.5*  7  •9*  i<  •  13 
41  131 


5.  7.9  .  II  .  13.  15        7.9.  II  .  13  .  15'.  17 

275  473 


9  .  II  .  13  .  15  .  17  •  19        II .  13  .  15  .  17  .  19  .  21,  Csff. 

»T1s  here  « s=  3,  »  =  2,  p  =  6,  ^5=  5,    And  taking  the  Difierences 
of  the  Numerators,  it  will  be  ^  =  3^^  c  s  54,4/=  o  =  «  =:  6ff.  Hence  in 

4e  fccond  Lemma'ds  if  =  5  +  36  X -li^i-J- 54  X  ::i^  X  riissi®?, 

2  244 

D  s  o  as  jIg  s  &r.    Hierefore  the  Sum  of  the  whole  Series  is 

209 .+  ""99 

4x5x2x3. 5. 7. 9'"      2x4x2x5.7.9  •  " 

j.__«2 -s_,«i!i— -.AndtheSumoF 

4x3x2x7.9.11       80x3.5.7.9.11 

theTams  in  Number  *=li(=iZlf )  b  ,         '^^^'^^  '       ■ 

2     V        n    '     80x3  •  5*  7*9  •  I'    ._ 
O  2  "? 
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^Q9  I      -  99 


40X2.24-2.z4-4,24-6\z+8     x6xz+2.z-|-4 . 2+6.2  +  8 
-^7       —  .    For  laftance,  let  eight  Tcnns  bercr 


24  X  2  +  4  .  2  +  6  .  2  +  * 
quired  ^  then  it  h-^ — ^  sS>  or  z  =^19 ;  which  ViUue  bemg  incrodiiciui 

intotheFormula,  the  Sum  is !i£Ji , ^ 

2-3-3-3-3-5-5-5-7-*i-  19-23 

*  The  feme  Nuuierators  poflfefs  the  third  tranfverfe  Line  in  the  Arith- 
metical Triangle 

54  •  54  -'54  •  54  •    54  •     54  •  fi^- 

—  18  .  36  .  90  .  144  .  198  .  &?f. 

5  .  41  .  131  .  275  .  6fr. 

Whence  in  the  Formuk  o^  Lemma  4.  the  Generators  are  y  =  5,  r  = 
— •  i8»  J  =;:  54>  il  =:lq=  £sf^.  and  the  CoeiEcients  come  out  A^s.  5 

~i8x  zil  +  54X  r:ix=:ii±2^i23,&=J-x  — 

a  2442. 


18  ^.  54  X  =1=^^29, C=-L  xJLx54=il,D=o«&5fcf4 
22  244 

the  fame  as  above. 
Ex  2.  Let  the  Series  be 


i.2.3.4.5.6.7.8*9.io.ii 


^         69  ,      .     g;?o  ,    2676 I       10350 

2  .  3  .  &fr»  la        3*4*^r..i3        4.5.  6?r.  14    J  .  6 .  £s?<..  14 

fc?r.  wfccixit  istf  =  I,  »  =  i^^  =  II,  and  the  Numerators  conftitute 
the  Series  exhibited  Qwr.  2Q.  Z.  4.    Therefore  appljing  the  Value  of  .X 

"^  ^XC(frpll0i2  to  the  Denomiiwtor  »x»+7,  fef^xi+lo^  th< 
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Tenn  of  the  pfopofed  Scries  becomes 

r  -^1         *     : :     ■      i 


I.  2.2  .4.5.6x2+6.2  +  7.«+8.z  +  9.z+  iQ 


I  .2.3.4.5.6.7x2l^x«4-8x«  +  9xz+io 
i.a.3.4-5-6.7.8x2+8.«  +  9xz+io 

+ -^ — ==^^ 


1.2.3  .4.5.6.7.  8.9xz  +  9x?-l-io.  Therefore  by  this 
Ptopofidoa  the  Som  of  the  Series  continued  from  that  Term  kt  i^mtumi 

—  I 


4xi.*.J'4«5-6x2  +  6xa  +  7xz+8xz  +  9 

2  % 


3x»..a  .3.4-  5  •6.  7X.  z -f- 7.21+ 8.Z+ 9 


2x1  .2.3  .4-5 -6-7 -8  XZ+ 8  xz-l-9 

^ il :    Therefore  fitt  ,|g  affus 

I X I  .  2  .  3  .  4  •  5  •  6  •  7  •  8  •  9  Jt  ^  +  9 

ming  I,  the  Sum  of  the  whole  Series  i» 

. : ?*^^  .        '         f  ;   And  in  genenlyt^  Sum  oF 

12  XI. a. 3. 4. 5.0. 7. 8. 9. 10 

the  Terms  in  Number  iTHf  wilt'be 


,12 X I .  z  .  3  . 4 .  5  .  0 ..  7  .  8  .  9<  i<i 
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"1      4 


-V 

I 

4x1 

.  2 

•3 

•4 

.5.6x8 

.  +  6.«+'7.2 

:  +  8.z 

+  9 

n 

-       . 

3X  « 

.  2 

•3 

•4- 

.5.6.7 

XZ4-7.Z+8 

•«4-9 

■j- 

72 

1 

2x1. 

2  . 

3- 

4- 

5.6.7. 
54 

8  X  z  +  S  xz 

+  9 

1x1.2.3. 4. 5. 6.7.8.  9XZ+9 

StbcUum  X.  In  computing  the  Sums  of  this  Kind  of  Series,  gene- 
rally the  Calculation  is  made  eafier  by  making  Ufe  of  the  Generaton 
of  the  Arithmetical  Triangle,  than  by  making  Ufe  of  the  Differences. 
Therefore  I  have  a  Mind  to  take  this  Occafion,  to  fliew  bow  the  Ge- 
nerators of  the  Arithmetical  Triat^  may  be  found,  from,  the  Difibw 
cnces  being  given. 

Therefore  let  «>  be  the  firft  Term  of  the  Series,  a  the  laft  Difference 
given,  b  the  firft  of  the  1^  Order  but  one  of  the  Differences,  c  the  firft 
of  the  next  Order  before,  zndfoJjt^  (^c.  and  let  /^  »,  x,  7,  €^c  be 
the  Generators  of  the  Arithmetical  Triangle  required,  whole  tranfverfe 
line  in  Order  ^  is  occupied  by  the  Scries  propofed.  Then  it  is  evi- 
dent from  the  Confideration  of  the  Arithmetical  Triangle,  that 


4l  =  /t 

I 


1/1 


^—1       ^—2  ^  —  2 

tfS  X  t+  ■        U+Xy 

12  I 

P  — 3 
J  Whence 
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WBenoe  t]ie  Values  of  the  Genenton  are  colkded*  "33 

'  =  «.  ._     ..'•■^" 

^—  I 
|r_^ ,, 

I 

.\^  r 
x  =  r— X— — /  — — -IT, 


jr  —J —  X  X  /— *■  ■  X  » 

123  I  % 


Novr  die  laft  Generator  is  equal  to  •  the  firft  Term  of  the  Series; 

2.  After  I  had  comtnunicaced  thefe  Thing^i  to  D.  if  MMoury^  he 
found  another  Solution  of  this  Probleni«  the  Forn^ub  ot  wluch  I 
fliall  here  let  down,  becaufe  of  its  wonderful  Simplicity.  Therefore  ia 
the  Series  of  Numerators  let  #  be  the  firft  Term,  V  the  firft  of  thefirfk 
Order  of  Difierences^  c  the  firft  of  the  fecend,  d  the  firft  of  the  thin^ 

and  ib  on ;  and  let  the  Denominator  of  the  firft  Term  be  x  x  2  -f  n^fSu 

X  z  4-  p —  in.    Then  the  Sum  of  the  whole  Series  continued  miffir 
Mum  will  be  exhibited  by  this  Formula, 


f 
h 


»*X^— f  Xjp— 2  XS  +  Jiy&if.  ytz^p'-^zn 


c 


&fi 


»'X^  — IX/  — 2X^  — 3  XZ+21I»&^.  X«+Jp  — 2« 

LetustakeanExampleiatbe  Scries >        ^:^        !>       ^\k 


^04  f>f  Infinih  Serieis, 

f4-'— yi ^ ^ j&ff.theSumof^chwehavealreadr 

exhibited.    In  this  Cafe  it  is  •  =  5,  ^  =  36,  r  =  54,  ^:£  o  =  ^  —  &V. 


yrhence  by  the  Formula  the  Sum  of  the  whole  Series  is 


'+ 3f ^. ^ 54  _     •        2tg 

4.  5  X4  .  5  . . .  .  II     8  .  5.4.  3x7. ..  11      8ox3.5...ii» 

as  it  i*>as  txhHwted  ty  t)dr  Fornrohi.    Iftt  is  tccpiircdtofindthc  Sum 

of  the  fkmt  Series  beginning  from  the  tenth  Term  — — ^iZi— ^ia  this 

21 31 

Cafe  it  is  •  =s  2273,  ^  =  522,  tf  =  54^  and  the  Sum  would  be 

^.5x21  ....29^    4.5.4X  23-**-29*«5. 4- 3x25.. ,29' 

Thk  Formula  is  vwf  convenient,  and  exhibits  the  Sum  with  vtry  lit- 
tie  Trouble,  ds  ofecA  as  the  Sum  of  the  whole  Series  is  reqirircd  j  fer 
.irtKS  DiflSarences  are  not  too  many.  But  when  the  Diflfercnces  »e  manv^ 
and  the  whole  Series  is  not  required,  but  only  fome  of  the  initial  Ten!^ 
thtfn  our  Forms  will  be  the  more  convenient* 

$i  When  the  Terms  rf  the  Series  are  formed  only  by  MukiplicatioiH 
and  are  not  affeded  by  variable  JDiviforsi  the  Sums  may  always  be  fotmd 
by  the  Method  delivered  m  Prop.  i.  though  the  Formulae  are  never  fo 
complicate  :  For  they  may  always  be  reduced  to  fuch  Terms  as  that 
Propqfition  requires.  Thifs  if  the  tHfferences  of  z  and  x  are  wind  lu 
and  a  Term  in  the  Series  is  denoted  by  2  ^>j  diis  Term  will  be  reduced 

toa  —  »2-| —  z  K  x^m  whofe  Inti^;ralinaybe  had  by  JRrijp  i.Fot 


4l)eIategca]siCiMUbe«aB  |.x4i»>  (the  inviKiRUeQuA^tffaaiig 

added^ 
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^tdddy  that  an  Account  may  be  taken  of  the  Relation  bedreen  z  and  « 
in  die  firft  Term  of  the  Series)  which  may  be  thus  written,  a^n  + 

^  X  z  -f  » ,  that  afterwards  being  drawn  into  z,  it  may  acquire  the 
m 

necelfiuy  Form.  And  in  the  famr  Manner  we  may  proceed  in  other 
Cafes  ot  the  fame  Kind.  But  when  the  Forms  propofed  are  aiFe^xl 
with  DiWfors^  the  fame  Difficulties  occur  as  in  the  integral  Calculus,*  as 
it  is  called,  or  in  the  invcrfe  Method  of  Fluxions,  which  are  to  be  over- 
come with  the  fame  Induftry.  Nor  can  they  always  be  overcome.  For 
befides  as  it  hardly  can  be  known  for  a  Certainty  what  muft  be  the  Re- 
lation  between  the  Numerator  of  the  Fraftion,  and  the  Denominator, 
that  the  propofed  Formula  may  be  reduced  to  an  Int^ral ;  fo  it  is  often 
very  difficult  to  find,  whether  fuch  a  Relation  is  already  in  that  Formu- 
la, or,  if  It  is  not,  whether  it  can  be  introduced.  W^t  I  have  chiefly 
found  of  Ufe  in  this  Matter,  is  contained  in  the  three  (oUowing  Propo- 

Prgp.  in.  Pr^.  The  Quantities  z,  ir,y,  *,  t^c.  incrt^mg  by  the  given 
Differences  s,  m,  /,  0,  &^.  to  find  the  Value  of  the  integnd  Kunocraitor 

N^  lo  as  that  the  Denominator  being  z  .  z  +  «, 6?f .  z  +  pn  x  u  . 


tSc.  the  Fradion  may  be  reduced  to  an  Integral. 


&&/i«.MakeJ^=z  +  ^»  x  u^qm  x  y  -{-rlxx^s p^&c.  — 
zuyx.  ISc.  and  the  Integral  will  be  a  Fraftion  whof?  Denominator  is 


z.z^n  .(^c.z  -^p —  I  n.  u  .u  +  m  .l^c.  u  +  j — i  m  .y  .y  J^t 


ISc.y  '\'X  —  i/.x+^.  &?r.  Jf-f-  i  —I  Oy  l^c.  the  Numerator  being  r. 

For  the  Difference  of  this  FradBon  is  a  Fraftion  whofe  Numerator  is 
the  exhibited  Value  of  ^,  and  the  Denominator  is  the  fame  rs  the  De* 
nominator  propofed,  as  it  ought  to  be. 


£r.  I.  Let  the  Denominator  propofed  htzxzJ^zxuxnJ^^.  In 
this  Cafe  Cafe  'ds  »  =  2»  »  s  3,/  =:  i,  ;  s:  1 1  ThereforeiVss  i+^ 

Vol.  IV.  P  prcfented 
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prcfented  a  Term  of  a  fummablc  Series>  the  Sum  ofwluch,  when  tort^ 

dnued  ifi  infinitunu  is  exhibited  by  — .    For  Inllance,  let  the  firft  com« 

mon  Value  of  2  and  u  be  i»and  the  Series  tobe  fum'd  will  be  -, m    ■   ■ 

+* ^ L.., 3^      n   >  &fr.  for  the  Sum  of  the  whole  b  u 

By^  let  be  denoted  the  Order  of  any  Terjn  ia  thas  Seiaes,.  then  it  wilt 

be^  ss^       ^T^as^       ^  ^^■3^  and  therefore  z  =  2p —  1,.  and  «  =: 
iP'^^v  which  Values  being  fubftituted  for  z  and  «>  die  Term  wilt: 

be  denoted  by  this  ynwn      ■      —         t2p-^i  j^^^ 

2p  —  1x2^  +  1  %ip  —  2x3^4-1 
die  Sum  of  aiU  the  Terms  befort  this,,  tbat^  is,,  of  the  iniUal  Terms^ 

which,  ate*"      '=a^  —  i  in  Number,  will  be  i —^  ^*     JL  j. 

tbat  is,.  -^^.^T.?/*^?.    "WBcaarfora writing  i>  +  i  for  />y,ihe  Agjp«- 
2j> — 1x3^— -2 

gate  of  fo  many  initial  Teons  as  there  are  Units  in.  py  will  be. 

i;>  +  ix3^f-ht 

£x.  2«  The  fame  z,  »,  n,.m. Still  lemaining,.  let  the  Denomihator  be- 


z.2-t2.a.+^4X«.a.+.3»    Then,  by  the  Formula  the  Numerator 
win  be  2-1-4  x.a-f  3  — ^  2«  =  j  a:  -fc  4Jf  -h  12,.  and  the  Sum  of  ti*5. 

Series  wilt  tie  exhibited  b]^tbe  Fotsnula  '  ,,  „-.«    Of   z;.  and  ae 

2  .z  -f  2X  » 
let  the  fiift  common  Value  be  i>.  and  hence  will  be  dedaced  die  Serie^- 


3^ K    55_ 


*•.  3..5;Xi.4        3 -S' 7X4' 7        5*7 -9x7 '10  • 


,.0?f.  =  i, 
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"Seidlium.  In  the  Scries  now  achiWted  there  is  every  whei«  the  fame 
Difference  between  the  continual  Fadtors  of  «ny  the  fame  Term,  ^tes" 
tween  the  homologous  FaAors  of  the  continual  Tewns.  In  die  follow^ 
ing  .are  fome  Examples  of  Series,  whofe  Sums  may  be  exhibited  in  a  fi- 
«t»  Ntmobcr  of  Terms,  although  tbae  kule  is  not  «bf«fwjd.  ^ 

Prtp.  IV.  Prei.  The  Quudty  x  increafwg  by  given  Differtnees 
«»,  to  find  the  Integer  NumerateriV;  fo  that  the  Fradion  Waybe  hs 
duced  to  its  Integral^  whofe  Denominator  confifts  of  a  <»rtam  Number 
/  of  the-Terms  «,  »  +  »i  a  +  2  «,  Gf^,  of  Arithmetical  Proportionals 
drawn  iMO  one  anodier.  Sot ;  aaulb  be  to  integer  Number  M  than'^Ki 
Number  of  FaAors  ^.  >     >  .  '» 


Solution.    It  will  beJV»:  2+/>— i»ic»+j>~.2W.<if<5.« 


It  k  deiiMMirftntted  aft*  ^ 


--I 


Manner  of  the  foregobg  Propolition. 

The  Quantities  fhpjii  being  afllimed  at  Ple^ure^  and  the  firft  Value 
tS  Xj  hence  will  arife  an  infinite  Nund)er  of  fiunmahle  Saies^  fuch  as 
the  ttHce  following. 


iqj 


M 


Bsz 


"5 


+ 


4- 


«7 


^&^; 


i.2.g.4       3.4.5^6        5.6.7.8       7.8.9.1Q 
«  4  9 


+ 


+ 


1.2.3,4.5       4.5.6.7.8       7.8.9.10.11 
16 


-,  e?r. 


10 .  xi  .  lift .  13  .  14 


»4 


iSf^ 


i>2.3.4.5     5.6.7.8.^9     9.1Q. XX.  12*13 

t  2  14^ 
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13  •  '4.  15-  16.17 


,6fc. 


I  communicated  theft  Series  Tong:  ago  to  fome  principaF  G^ometrir 
cians,  to  whom  they  did  not  feem  contemptible.  That  very  skilful 
Geometrician:  Mr«  Nicolas  BernouUi  thus  writes  tQ  mt  in  a  Letter  of 
y^b  %5%  tynS*  "  You  will  very  much  oblige  me^Sii,,  if  y>ou  -willcomr 
^^  municate  to  ipe  the  Solution  of  this  Problem  of  youss.  Having  a 
**  Series  of  Fractions  given,  the  Numerators  of  w^ch  are  aty  figurate 
^^  Number  wha^ever^  and  of  which,  the  Deooipinators  are  formed  of 
^^  the  Produd  of  an  equal  Numbers  of  Fadors.  which  are  in  Arithr 
«<  metical  Pcogreflioa^  to  find  their  Sum*.    And  chiefly  how  you  have 

**  found thefe two  Forms  ,^ ^,  ,    -    and-         ^'^i+^ 


.24X4j>+i  I2X  3^/>+  1  X  3^-4rZ 

Thefc  Forms  belong  to  the  Scries  C  and  5,'the  Numbec  of  Tcirms 
whofe  Sum.  is  required  being  denoted  by  p.  And  thus  alfo  Dr.  Taylor 
whites  tQ  me,^^  ih  his  L'ct?teft  of  jiug.  22>  1716.  "  As  alfo  by  what 
^*  Method  you  fell  upon  the  Sua\n}ation  o£  the  Series  exhibited  by  yo% 


«*  1  meaa  chiefly  of  the  Series   '  "  +  — — _—  +. 

;;  ...       '      -     ..  1..2.3. 4..5        4- 5*  6- 7 -8* 


•  ,  which  feems^  to  be  of  a  deepen  Inquiry. 


7  •  8  .  9  vio  •  II 

^'  But  now  let  us  return  to  ouTExampres. 
In  the  "Sferies  \/i  'tis  j&  =a  4,  'q'zzz  2,  »  =  i,  Ae  firft  Value  of  z  being; 

I.    Therefore  'tis  z-|-  3x2  +  2  —  «x  z+  1  =  2  x  22-h  3  ;  whence 
(rejeding the ijivea  Number  2)  are  derived  thefe  N^imerators  5^97.1$^^ 

xjy  (dc.  Alfo  the  Formula  of  the  Sum  is /^  Then  taking  an 

2  X  z  +  I 

Account  of  Ae  Number  2^  which  we  rejefted  out  of  the  Numeratorsi 
the  Sum  of  the  whole  Series,  continued  in  infinitum  from  die  T^m  in 

irhich  is  z,  will  be  exhibited  by  the  Formula '         5   and    therc-^ 

' .    22.X.2+1. 

fore  the  Sum  of  the  intrrc  Scries  is ^ = — ^. 

2x1x2       4 
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In  the  Series  5  'tb  »  =  i,  ^  =  5,  j  =  3,  the  firft  Value  of  2  being 

I.    Therefore  N  =  2*4-4  xz-f-  3  x  z -4-  2  —  2  x  2  4-  i  x2+  2 

=  6  X  2hP>».  But  the  continued  Values  of  2  +  2  are  3,  6,  9,  (5?r. 
which  becaufe  they  arc  all  divifible  by  j,  m Aing  2  +  2  =  3  x^  it  will  be 

JV=:  6  xX*^*  =  6  X  9  *  *  ss  54  X  %  the  continued  Values  of  ap  being 
I,  2,  3,  G?r.  Therefore-  the  given  Number  54  being  rcjecled,  hence 
proceed  the  Numerators   1,  2*,  3*,  fcfr-  that  is,  r,  4,  9,  i^c.    Alfa 

the  integral  Formula  '*         ^_  -^ ,  wherefore  taking  Account  of  die 

2  X24r  I 

Number  54  rcjcaed  out  of  the  Numerators,  the  Sum  of  the  Se- 
ries continued  in  inJinUum  from  the  Term  in  which  is  .  2,.  will  be 

^       —    Whence  the  Sum  of  the  ihtire  Sfcries  is- 


loa. 


54  2  X  2  +  f 

Laftly,  in  the  Scries  Cmn^irf^S^  f  =  4r  and  the  firff  Valire 

©E  2  is  I.     Whence  A^=  2+^4  x  2+3  x2+2x2+i  —  2x  2+  i 

x2+2x2-+-3-=4x2+  1x2  +  2x241.3.  But  die  Values  of 
N  arifing  by  this  Formula  can  always  be  divided  by  4x2x3x4  =  96. 
Thcrcfbre  this  Divifor  being  rejected,  there  come  out  the-  Numerators 
I,  14,  55,  140,  ^c    And  the  Formula  of  the  Sum,  admitting  the 

Number  06,  is  — > — •  And  therefore  the  Sum  of  the  inure  Series  is-1*. 
962  ^6 

Scholium.  By  thefe  two  laft  Propofitions  we  may  eafily  find  as  many 
fummable  Series  as^  we  pleafe.  And  on  the  contrary,  having  a  Series 
g^ven  of  this  Kind,  if  it  can  be  fum*d  its  Sum  may  generally  b^  re- 
duced to  one  of  thefe  two  Propofitions.  Yet  there  is  Need  of  eood  Sa- 
gacity in  the  Tryal.  But  it  proceeds  bed  if  the  Terms  of  the  given 
Series  are  reduced  to  the  Form  of  Prop.  III.     Thus  for  Inftance,  having, 

this  Series  propofcd  ^ -f 


II 


3  •  5-7  •  9-^*      7  .  9  .  II  .  13  .  15. 


,...23. ,  £s?^.  the  Denominators  may  thus   be  written, 

u  .  13  .  15  •  17  •  19 

3.7. II  X5.9,  7.  II  .  15  X9.  13,  11.15.19x13.  1 7  6?^.  whence 
according  to  Prop\  3.  'tis »  =  4, )»  =r  4,  p  =  2,  y  =  i,  the  firft  Value 
ef  z  is  3,  the  firft  Value  of  it  is  5.     Hence  the  Form  of  the  Numerator 

£s  found  to  be  4X  z  +  2 1<  +  8.    But  this  is  always  divifible  by  3  ; 

wherefore* 


wherefore  reje^^rjg  the  givprx  Pivifors  4  ai^d  3,  by-  ^  Ewwuia^be  Nu- 
merators come  forth,  ^^  iuxr^\i£c.  ttte  lame  as  the'Kumerators  in 
^hc  propdfed  Scries,  w^ii€h  therefore  m^  beftMn*4by'tlu«:Pr<ip6fition. 

.^.  After  I  had  oommunicatcdthofc Series  A^ B^Cy  tQ,Dr.^0yhr^  jxt 
.  "Sf^rot?  pie' Word,  that  he  bad  found  their  Sums,  of  the  firft  A  and  the 
thir4  C  by  reducing  them  to  fimple  Cafes  of  his  Method  of  Jncremeats  5 
rthat  he '  had  reduced  the  iWrd  C  to  ihis  Fbrm 


^ '  X  —  + '— ^-h    — — H ^ — ,'  ^^.  that  the  Sum  might  be 


had  by  the  Precepts  delivered  in  the  Scholium  of  Prop.  i.  But  in  the 
fecoad  Series,  jR,  when  this  did  not  fuccced  fo  well,  rhp  \ifed.  the  foi- 
lawing  Ahalyfi^,  which,  becaufeofits  0-eat  Elegance,  having  firft  ob- 
tained his  Leave,  I  fhall  here  rnfert.  **  The  Term  of  that  Series  (to 
ufe  his  own  Notation)  is  exhibited  by  this  Formula   . , 


2-1-2  xi^ 


■hilt-.. 


172x2+  1X2  X2-I-  I 


I  writing  in  the  Denominator  z  tot  z+  3, 


B 

becaufe  it  is  2  r?  3,    5uppofe  — ^  to  be  equal  to  the  Integral  required, 

that  is  ~  is  the  Integral  ^f         z^zxz ^  ^^^^^  ^^^^  ^ 

^  2X2+1  X2X2+  I 

/       / 

B     BC •'^  B  C 
given  Dlvifbr  27.    But  the  Increment  of-^^^  is  ^  ^   .    Therefore 


^^—J^fand  ^4-^xg  might  ID  he  the  feme.    Then 

C  C  2X2+IX2X2+I 

comparing  the  Denominators,  it  is  found  that  C=zxz+  i.  And 
taking  the  Increments  it  becomes  C=222+.2*-+2(sr222+4 

z  )  becaufe  it  is :?  =  3O  Thefe  Values  being  fubftituted  in  the  Place 
of  C  and  C,  there  arifes  BC'^  BC  z=:  22  +  2  j&  —  2  2  x  2  +  2  5* 
which  ought  to  be  the  fame  as  2  +  2  x  2.    Let  B:^4^Vy  a  bemg 

the  invariable  ¥wtt  ofB^  and  t;  the  variable  ^re.  Then  takii^  the  Ir^ 
crcmcnts'tis-B  =  v.    Whence  tofindaamlt^  wt  hayc  the  Equation 

z 
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s2-i-ZTr«— 2Zx2  +  2xa-)-vs24.2x^   which  may  thus  b^ 

writtcnata  +  zt;—- azx«-4-  AVszxso-a  x  F+Ttf,  oralfoCv 
•  •  •  •       '  ^ 

i^ Ct^  s=.  2  X «  +  2  X  I  +  2  «•     Make  I  4i  2  n  =0)  (wfaedce  ^  s 


2 


i^>aaditbccanicsC^  —  Cv=o,  in  wWch  it  may  be  v^  =  o,  (bc- 


caufe  e^  Term  of  the  Equation  is  aSe£lcdi  dthcr  by  v  or  v^)  hence  ic 
b  JJ  =  tf  = ,  and  thcreforc_= f Then  reftoring  the 

^  ^         2ZXZ-f.  I 

Diviibr  27,.  the  Integral  icquiied  will  be         ~"  '    •      Now    by 

54  X  z  X  z  -p  I 

comparing  the  Equation   Cv  —  C'cfso   widi  the  gi^neral  Formula 

.  =io>  we  may  thence  conclude,  that  _-  is  equal  to  a  given 

CC  ^ 


Quantity^  becaufe  its  Ihersment  is  o.    So  that  afluming  n  for  any  given- 
Number, it  will  be v  =u0  C^.aad  £=  -^7  4^  )i C    By  which  the  Inte* 

gral  requiad  becomes  -^^  a&  ,  *  J s= — _   +  »i    which   differs 

C  C  2*C 

&om  the  Integral  found  before  only  by  the  given-  Quantity  n.  This 
proceeds  from  hence,  that  as  in  the  Quadrature  of  Curves  the  Area  wheft. 
nnmd  may  be  increafed  or  diminiflied  by  a  giv^n  Area,,  fo  in  the  Me<^ 
thod  of  Increments^,  the  Integral  when  found  may  be  increafed  or  dimi- 
niflifd  by  a  given  Quantity.  But  by  the  firft  Integral,  Where *»  is  abftnt'y 
Ae  &im  of  the  Series  is  exlubited  when  continued  aA  infimtum    ' 

Pf^  5»  When  z  increafes  by  Units,  and"  a,  bj  c,,  fefr.  arr  given 
Quantities^  none  of  whick  are  equal  to  one  another,  to  find  the  Integral  of 
I       

z  xz^axz  +  bxz  +  cy^r 

Solutiom  Multiplying  both  the  Nbmerator  and  I^enominatbr  of  the 
Fraftjoninto  the  Terms  z  4*  i,  z  4-  z,  &^.  z  |4t  tf  -^lyZ  +  ^  -f  2,  &ff* 
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3  +  J  4-  I,  jzr  +  *  -h  2,  fc?r.  z  +  ^  4-  i, z  +r  +  a*  6?^-  deficient  in 
the  Denominator,  let  the  Denominator  be  reduced  to  die  Form  z  x  z  +  i 
^  z^2,  iSc.  of  the  Denominator  in  JPrtfp.  i.  Scbol  it.  3-  Then  let  die 
Numerator  be  reduced  to  the  Form  A^Bzr^Czxz^  1  +  Dzx 
zJi-i  X  z  +  2, 6?^.  Then  applying  the  Terms  to  the  new  Denominator 
%z x2  +  I  X  Z-+-2, fc?r.  ict  the  Fraftion  be  reduced  to  this  Form 

2xz  +  i,£s?r.        z4-  ixz+2,fcfc.        z+  2  xz  +  3,6?^. 

4 ^  .^  ^r.  whence  laftly  let  the  Integral  be  fought  by 

z  +3XZ+4,  (^c. 

Scbol.  Prop,  u  n.  3. 

The  Reafon  of  the  Soludon  is  manifeft  of  itfelf. 
Scholium  I.    The  whole  Difficulty  of  this  Soludon  lies  in  the  Reduc- 
tion of  the  Numerator  to  the  Form  required,  which  yet  how  it  may  be 

done  will  appear  from  one  Ejcample.    Therefore  let  the  Produ6t  z  +  2 

x  z  +  3  X  z  +  7  be  propofed  to  be  reduced  to  the  required  Form. 
Therefore  I  evolve  the  Terms  by  Degrees  as  follows.  The  firft  Fador 
2  -f.  2  I  thus  write  2  +  z,  whofe  firft  Term  2  I  multiply  into  ^  +  ^ 
whence  it  becomes  6  +  2  x.    The  fecond  Term  z  I  multiply  by  2  + 

z  +  I  (=25  +  3)  whence  it  is  2  z  -l-z  x  z  +  i.  Then  colleding  the 
\ProduAs  It  is  z  +2    x  z  +  3  =    .■J"J^  +  2xz+.i=:6-|- 


2Z 


4  z  .4.  5:  X  z  4"  I-    It  remains  to  multiply  this  into  z  +  7.    There- 
fore I  multiply  the  firft  Term  6  into  7  +  z  (=  z  +  7)  whence  it  is  42 

J^^Sz.    I  multiply  the  fecond  Term  4 z into  6  +  z4.i(=z+7) 

whence  it  is  24  z  +  4  z  xz+  1 1  the  third  Term  zx  z  +  i  I  multiply 

into  5  +  Z  +  2  (=z+7)  whence  it  is  szxz-f-i+zxz+i  x 
z  +.  2.    Therefore  the  Produfts  being  colleded  together  as  before  *tis 

z  +  2x2+3>^^  +  4  =  4i  -ir30Z+^zxz+i  +  zxz+  x 

X  z+  2,    And  fo  we  may  proceed  in  other  Cafes. 

2.  Let  us  take  an  Example  of  the  Propofition  in  the  Fraction 

*  By  reftoring  the  FaAors  2+1  x  2"+^  x  2+4^ 


zxz+zxz^  S 

whicH 
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liikh  are  dddebt  k  ^e  Oenomlpator,  die  Fnftioa  becoma 


«+  1  XZH-3XZ  +  4 

«.    Therefore  dicNu- 


3  X  z  +  I  X  2<f- 2  X  2  4- 3  )< 2  +  4X  z  +  5 

mentor  is  to  be  reduced  to  the  Form  required.    Now  by  the  Method 


akeadydelivered,'tisfirft2-f- 1X24-3  =  XX  3  4>-a  +  2xi<(-z4.  i 


=  3+=5+2«4-«x«+i=:  3  +  3a:4.a:xz-|-  i..   Thenz  +  i 


xz-l-3  x2-|-4  =  3X4+z  +  3«x3+»-l-i+»xa4-i 

X  2  +  Z+    2  =    X2    +    32  +  9^+  3«XZ+   I  +2  2X2+7+2X 


Z+  IxZ  +  2=I2  +  I2Z-f-5ZXZ4.  i+zxz  +  ixz+2.  By 


^lyiug  tlus  Produd  to  the  DenomiiutCM-  z  x  z  4>  i  x  &f .  z  4.  5,  the 
Fn&ioa  will  be  reduced  at  hft  to  this  Form 


12 


2XZ+IX2  +  2XZ+3XZ  +  4XZ-I-5 
12 


z4.ixz+2xz+3xz  +  4xz4-g 

5  I 


^ 


2-|_axz+3xz-i-4xz  +  5         z  +  3xz4-4xz  +  5 

■    —  12  • .  ■  ■ 


the  InCegrat  of  which  is 


S  zxz  ^  ixz  +  2xz  +  3xz-(-4 
—  13  -  -*"5 


+ 


4XZ*4- IXZ  +  2XZ+  3  XZ4-4        3x2+  2X2  +  3XZ  +  ^ 


•I- 


ftxz4.3xz-jh4 


E-t-3  xzHh4 
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3.  Whea  there  :are  two  FaAop  only  z  and  z  4<  ^  the  Integral  iHU- 


1 


alfo  be  exhibited  by  the  Formula  -^  -^  —  ■  ■ — 

2       22x2:4-1       3zx2+ix«+a 


I— tfX2— 'tfxg — tf     :: 
-^ ',  Csfr.  where  the  Scries  is  to  be  con- 


42x2  -+-"1  X55-f-2XZ-|-3 

unued  till  it  breaks  off  by  the  vanifhing  of  the  Terms. .  If  there  are  two. 

—  I 

Fa6lors  2  and  2 — tf,  the  Integral  will  be  exhibited  by  the  Formula — 

^_  2—1 

-^  I  4.  <«                   —  I  +.«  X  —  2  +  a 
— — . — ' — ■         ^ — ,  f^c.    Thciame 


2x2  —  1X2  —  2     3x2 —  ixz  —  2x2 —  3 

Integral  may  be  exprefsM  either  Way,  according  as  the  Faftor  of  the- 
given  Fradion  is  taken  either  lefs  or  greater  than  2. 
4.  If  the  firft  Value  of  2  is  j  -f-  i,  the  latter  Formula  will  be  changed 

—  I       1        I       I  I 

into  this  —  x  —  x  —  x  —  ,  Gfr.  to  —  inclufive,  by  whic|i  with,  a 
a  I        2       3  a 

contrary  Sign  is  exhibited  the  Sum  of  this  Series  continued  in  infinitum^ 

I  1  I 

■  +  — ~— —  -I-  '  ,  £sf^.  For  Inftance,  let  ^  s  i> 


1 X I  -)-  a       2  X  2  4-  ^         3  X  3  +  tf 

I  I  I  II 

Che  Scries  will  be  ■  +  — —  4-  ■     ■    ■ ,  fcfr.  x  —  x  —  =1.    If 

1x2         2x3         3x4  I.      I 


I  -I  I  III 

a  =  2>  the  Scries  will  be  —  +  — —  +  — —  6?^  -:  — x  — |— 

1x3       2x4        3x5-       2      iz 

3  I  I  I   *  I 

=i  — .  If  tf=3,  the  Series  will  be  ■■       ■  +  +  ■  ■        +  j         » 

4  1x4       2x5       3x6        4x7^ 
III        I        II 

fc?^i  ss—»x  — +  —  +  —  =:  — • 

51^3        18  "  5*  Froai 
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5.  From  the  fame  Series  — — — *  4#         ■  !  ■■  ■  +  ■"■ 


ixi+a     -2X24-^       3x3  +  ^ 

fSc.  accordii^  to  the  liifferent  Values  of  f,  fcvcial  Scries  will  arife,  which 
in  Form  will  be  elegant  enough.  To  fet  fome  of  thde  before  the  Eye 
of  the  Reader,  periiaps  will  not  be  unacceptable.  •    .  ^ 

If  the  even  Numbers  2, 4,  6,  8,  &r.  are  made  fucceffively  equal  to  «» 
the  Series  will  be  as  follows.  .  . 

II  II 

Ifil=:2) 1 — "+■    ■  +  — >   ^C. 

1X1+2        2XZ+2  3x3  +  2         4x4  +  2  *    - 

I  I  I.I 

4)  — izz-  +  — ~+  — =r  +  — =r»  ^^- ' 
1x1  +  4     2x2  +  4     3x3+4     4x4+4 

I  I  I  I 

6) — i +  '+-  ,(^c. 

I X  I  +  6        2x2  +  6        3x3  +  6      '4x4  +  6 

I  II  I 

8)  -I + 1 t&?^> 

IXI+-8         2x2  +  8        3x3  +  8        4x4+8 

II  I  ;  I  ■ 

Or     —  +.  —  -I r—  +.  "  i  6?f . 

4—1        9— 'I         16— I       25—1 

H + +  _-— ,Gff. 


9—4        i6~4        25  —  4        36-r4 

III  I 

+ +  — : +  — -,  tSt. 

i6  —  9       25  —  9       36  —  9       49  -^  9       r 

I  I  I  I     . 

+ +  -i 1,  6?i:. 


25  —  16      36—16  49—16      64 --•16 

I  I  I  ■       I       . 

Or  .4-  +         '       +  ■        "  i  C^f  ■ 

4—1       9  —  1  16  —  1        25  "^i 


xr6 


VMJ    M\ 

'ywft 

/CM  A 

» 

I 

1     . 

I 

1^ ' 

.1 

+  - 

I 

%\  Me 

f  +  > 

^ 

-iAi-  5 

25  +  7 

•  1     IiPm 

I 

+ 

I 

+  ' 

I 

—  -1 

X 

a5.4- 

»5 

4  +  3 

9  +  7 

16+ II 

■|" 

I 

+ 

I 

■  + 

I 

-  + 

4 

-.,^f. 

4  +  5        9  +. "         16+17         25  +  23 

.H  fpr-tf  ai>e«dKn;«lie  oddNunfben  fucceffi^y,  i,  j,  5,  7,  &a  the 
Series  willfae  :  - 

I  III 

«==.0: — '— r~.+ ^ r-  +  —       .    ;  + «  Cs^f- 

ixi+i       2x24-1       3x3+1        4x4  +  1  I 

I  I  I  I 

3) + + •  + >  ^f ♦ 

lXI-+«  2X2-+3         3x3+3"        4x44-3 

I  1                      I                   I  . 
5)-   ■  ■■           -i ■+ ■  +  — . ,  ^€, 

-     'jxi,+^5--    2X2-+5       3x3  +  5      -4x4  +  5 

II  I  I 

7) V ;+ — + -? »  ^f. 

ixir47^      a.xa4-7    ^J«9  +  7       4X4+7 

1         .1  ~  I"  II 

Or  — .  X    ■  +  —  + + •,  t^c. 

a  1'  a 6         .   ;.io 

I  ■  I'  •«""■■  ".        I    "      •       I-:     "  * 

—  x + ^+  +  ,  £jff . 

a      J"r '      ^■'J'        ?o— 1        ?5— .1 

1  1  ,1  1.1-  ] 

—  X + + +  ,  t?f .  j 

2  6  —  3      .10— -3      ?5  — 3._     ?'~3  "i 

i  .  »  ■ 

—  X 1 \ h ,  6fc. 

3,      20  —  6        15—^6       21  —  6       28 — 6  ,. 

1  :    «    ■  n  1.  -^  J.        i»     -    ;^ 

2  i  +  o         3  +  0         (S^+ o         lO+Q  < 
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XIII  I 

-X + +  4- .^c. 

2       1  +  2         3  +  4  6  +  6  iQ  +  8 


+  — 1 — •,  (^c. 


2    -    1  +  3         3  +  6         6+9        IO+ 12 

•  6.  Some  Yean  s^o  that  great  Geometrician  Mr.  James  Bernoulli  found 
the  Sum  of  ajiy  Series,  whofe  Numerators  conftitute  a  Series  of  Equals^ 
flDd  the  DenDcniiiacors  were  a  Series  of  Squares^  diminiih'd  by  any  given 
Squaie  ^^  >cr  a  Series  of  Triangles  diminifh^d  by  any  given  Triangle  T. 
This  he  found  by  obferving,  that  fuch  Series  arife,  by  taking  away  a 
tnmcated  Series  of  harmonicaHy  Proportionals  from  the  fame  Series  when 
iiitire  ;  that  is,  fo  that  the  Number  of  deficient  Terms  in  the  truacated 
Series  may  be  either  dbuble  of  the  Side  of  the  given  Square  ^,  or  the 
double  increafed  by  Unity  of  the  Side  of  the  eivcnTriangle  T.  He  oblerved 
a}f0|  that  the  Sum>of  a  reciprocal  Series  of  Squares  would  be  fought  after 
in  vain.  And  the  fame  is  true  alfo  of  the  Reciprocals  of  Cubes,  or  of 
any  other  Powers  of  Numbers  in  Arithmetical  Progreflion.  The  Rea- 
fon  is,  becaufe  ho  Difference  intercedes  between  the  Fadors  of  the  De- 
nominators, -which  is  always  required  for  fuch  Summations,  as  appears 
from  tfic  Method  of  taking  the  Differences  cicplain'd  in  the  Scholium  of 
?r^-  I.  For  if  the  Sum  required  could  be  exhibited  by  any  Formula, 
the  Difference  of  that  Formula  would  exhibit  the  Terms  of  the  jpropofed 
Series ;  but  in  fuch  a  Diffeosnce  the  Denominator  is  always  affefted  by 
the  Faftors  which  are  different  from  one  another  ;  which  becaufc  it  does 
not  take  Place  in  the  aforefaid  Scries,  the  Sums  of  fuch  Series  cannot  b^ 
had  in  finite  Terms.  Almoft  m  the  lame  Manner,  by  an  Argument  de- 
rived from  Prop.  3,  4.  it  may  be  demonftrated,  that  the  Sums  of , Sc- 
ries cannot  be  exhibited  in  a  finite  Number  of  Terms,  whofe  Numera- 
tors conftitute  a  Series  of  Equals,  but  the  Denominators  conlift  of  a  cer- 
tain Nunftbef  of  Terms  in  Arithmetical  Progreflion,  the  greatcft  Faftor 
of  every  Term  being  Icfsthan  the  leaft  Faftor  in. the  Term  next  following^ 

fuch  as  is  this  Series  -i—  +  _L. :+.  — L^  +  _]L,f<j!^ 

7.  Now  T  nuight  give  fome  Rules  ^hich  I  haye.  contrived  for  certain 
lingular  Cafes ;  but  this  would  lead  us  too  far.  Jt  may.  fuffice  therefore 
to  have  explained  the  more  general,  and  to  take  Notice  at  the  fame  Time, 
that  nothing  would  m6re  conduce  to  the  Improvement  of  this  new  Doc- 
trine of  Infinite  ^Scries,  thafi  If  fomd  very' general  Forms  of  "Sums  were 
digeftediftjOakr,fipmthaDiflfeitJ|cc5  of  ilrhich   being  coniputed  by 

'  the 
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the  Rule  above.  Canons  might  afterwards  be  formM  of.  fummable 
Quantitieis  -,  juft  as  is  *-aIfcadj  <lo]>e  in  the  lajtegral  Calculus,  or  what 
Sir  /.  Newton,  calls  the  Inverie  Mqthod  of  Fluxions.. 

8.  By  reftoring  the  Faftors  which  are  deficient  in  the  Denominator, 
the  prelcnt  Problem  might  be  reduced  to  Prop.  2.  Alfo  it  might  be  pro- 
pofed  in  more  general  Terms,  or  for  the  Numerator  might  any  Formula 
oe  taken,  of  which  any  Difference  is  given.  Yet  vrith  this  Condition, 
that  the  Dimenfions  or  the  Denominator  fhould  exceed  the  Dimenfions 
of  the  Numerator  at  leaft  by  two,  for  otherwife  the  Sum  of  the  Series 
could  not  be  had  in  finite  Terms.    Let  there  be  an  Example  of  this  in 

the  Series 1 + ^Vc+ + TT > 

i'3-5'7.^'4-.^-8     3.5.7.9      4.0.8.10 

&c.  where  the  Numerates  are  the  Squares  of  thi  natural  Numben. 
Then  s^plying  both  the  Numerators  and  Denominators  to  the  natural 

Numbers,  the  Series  will  be  reduced  to  a  more  fimple  Form — L-^  + 

3-5-7 
— ^ — J 3 V-^- — »  ^c.  The  natural  Numbers  i,  2,  3,  4,  5, 


4.6  .8     5.7.9    6.8. 10 

iSc.  bemg  denoted  by  p^  a  Term  of  the  Series  will  be  reprefcnted  by  the 

Form  ■         — ; — ^— — ' ,  or  by  the  Formula "^  ^ 

^-t-2xj^  +  4Xjp-|-6  2x2+2x2  +  4 

writing  «;  for^  4-  2.  Now  in  proceeding  from  Term  to  Term,  becaufe 
z  is  increafed  by  Units,  the  deficient  Factors  2  +  i,  »  +  3,  are  to  be 
reftored  in  the  Denominator,  and  by  this  Means  the  Term  of  tlK. Se- 
ries will  be  reduced  to  this  Form 2-^2x2+1x2+3     ^ 

2XZ+1   X2+2X2+.3X2+4 

By  the  Method  already  explain'd  in  this  Fropofition,  the  Numerator  is 

reduced  to  —  6  —  6z  —  2x2  +  1+2x2  +  1  x  2+  2.  Whence 
having  Refpeft  to  the  Denominator,  the  Term  is  reduced  to  this  Form 

—  6  —6 
— +  ~  + 

2x2+  I  .  Cj?r.  X2  +  4       2+  I  X2+2)(2+  3  X  2  +  4 


2+2x2+3x2+4  2+3x2+4 

Integral  we  fliall  find  it 
6 


+ ' — ■■■  Therefore  by  taking  the 


+ 
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—  I' 


• ;  by  which  with  a  contrary  Sign  will 

2XZ+2X2  +  3  *  +  3 

be  exhibited  the  Sum  of  the  Series  continued  in  ivfinitum^  beginning 

%-i-  2       - 
from  the  Term  «——         ■  ■«~^,    Therefore  the  Sum  of  the  whole 

%  X2+2XZ  +  4 

Scries  b^nnning  from  the  Terra —  will  be-H-.. 

3-5-7  240 


Ifwehad  a  Mind  to  proceed  hy  Prop.  %.  from  the  Formula  ar—  2  x 

2+  I  X  2+  3  the  firft  Numerators  being  coUefted,  24,  70,  144,  252, 
taking  their  Differences  we  Ihould  have  46  =  *,  28  =  ^,  6  =  </,  ^  =  o 
=  &c.  M  being  24  ;  whence  by  Lem.  2.  the  Formula  —  6  —  6z  — 

zxz  +  1  +  z  X2+  I  X  z+  2  would  arifc,  by  which  the  Term  is  de- 
noted as  above.     And  proceeding  by  Prop.  2.  the  Sum  is  had. 

Pr^.  6.  Proh.  To  find  die  Sum  of  any  Number  of  Terms  of  a  Se- 
ries of  Fractions,  whofe  Numerators  and  Denominators  make  any  two 
tranfverfe  Lines  in  PafcbaPs  Arithmetical  Triangle  5  that  is,  whofe  Ge- 
nerators are  Units. 

Solutitm.  Let  the  Order  of  the  Series  of  Numerators  in  die  Arithme. 
tical  Triangle  be  denoted  by  »,  and  let  ^  be  the  Difference  between  the 
Order  of  the  Numerators  and  Denominators,  and  let  the  Number  of  the 
Terms  whofe  Sum  is  required  be  denoted  by  j.  Then  if  the  Denomi- 
nators are  of  more  Dimenfions  than  the  Numerators,  the  Sum  will  be  ex- 
hi^ted  by  the  firft  Formula  following.  But  if  the  Dimenfions  of  the 
Nimwators  are  more  than  thofe  of  the  Denominators,  the  Sum  will  be 
ci^ited  by  the  fecond  Formula. 

Formula  L 


»4-jp —  I  g  .  »  +  1  ■  » -f-  2  .  (^c.  n  +  p  —  1 


^~  ^  p  —  ix»+f.»  +  ?  +  x.6fr.  »  +  ?  +P — ^ 

Formula   IL 


^^  g'^j)  — I     ,     g-t-n —  I  .q  +  n  —  2  .  &c.  q  4*  » — P —  ^ 

P  +  ^  ^+ix»  —  i.»  —  2.6?^.  n  — p 

Ex.  I.    Let  It  be  propofed  to  find  the  Aggregate  of  the  fbc  firft 
Tcrim  of  die  Scries  —+4-+^+41+-i^  ^c.  wherd 

the 


1 
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the  Numerators  conftitute  the  fourth  lih^  and  the  Denotntnaton  the 
fcventh,  in  the  Arithmetic^  Triangle.  •  Therefore  itHs  »  5='4,  ^-r  j,' 
;  =  6 ,  and  becaufe  the  Dimenfions  of  the  Denonunators  exceed  die 
Dimenfions  of  the  Numerators,  the  Sum  will  be  given  by  the  fiift  For> 

mulaj  that  is,  ^+3-i  _  4-5-6  _  ^ 6^ 

^  — I  3  —  1X4  +  6x4+7  u 

-2    5 

II 

£;^.  2.    Let  the  Sum  be  required  of  the  fix  firft  Terms  of  this  Series, 

^+ J^+^+ii+ii^+ J:§-,  (^c.  the  Terms  of  which  nrt  the 
I        4       10      20      35        so 

Reciprocals  of  the  Terms  of  the  foregoing  Series.     'Tis  therefore  »  =  7, 
p  =  3i  ?  :=  6,  and  therefore  by  the  fecond  Formula  the  Sum  is  --* 

^  4.12.11.10.?^ 
4  4x6.5-4 

Scholium  i.  Two  Years  ago  I  communicated  the  Forms  in  this  Pro- 
pofition,  to  thofe  learned  (5ometricians  M.  de  Moivre  and  the  \8^- 
noulWs,  .  They  may  eafily  be  derived  from  the  Precepts  delivered  iit 

Prep,  I.    We  will  take  for  Example  the  foregdng  Series— +JL  + 

17 


_,G?ir.  The  Place  of  the  Term  in  this  Series  being  denoted  by  p^ 
28 


die  Term  will  be  exhibited  by  the  Formula-^ 

whence  returning  to  the  Integral,  the  Sum  of  the  Series  begihning  from 

that  Term  will  be  exhibited  by  the  Formula  JiJL^  '  ^'    . 

ax/>+  3.XP  +  4 

Therefore  taking  I  for^,  the  whole  Series  is  i—L— ,  =  3,  and  the 

2  •  4  •  5 

Sum  of  the  fix  firft  Terms  will  be  3  —  -1i^5_l6_  juft  as  k  wa$  now 

^  5L  *  10  ^  »I    ^ 

exhibited  by  the  Formula.  . 
1.  In  the  firft  Formula  the  JSum  of  the  Series  continued. />p  irffinitum  is 

y  ^  l^*  -^  the  other  Part  of  ifac  Fonnulf  Kiw  yaniflwg.    Bot  ia  |hr 

Cafe 
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Cife  of  the  fecond  FormuU,  the  Sum  is  an  infinite  Quantity,  whofe  Spe- 
cks, in  re^peft  of  die  infinite  Number  ;,  is  exhibited  by  the  other  Pait  of  the 

Formula,  whidi  in  this  Cafe  becomes . 


p^ixn —  I  .n — ^.tSc.n—f* 

3.  Concerning  Series  of  this  Kind,  that  great  Geometrician  Mr.  Leib^ 
mtZy  in  a  Letter  of -Miy  i7i6,  wrote  to  me  in  the  following  Manner: 
Tl)e  Death  of  whidi  great  Man,  lately  taken  from  us,  we  now  lament. 

**  It  &ems  to  me  that  here^ore  I  fum'd  cerpun  Series  of  this  Kind  • 

«  fiichas^+JL+-X+-l+-l+A»  ^^-    The  Term  of  this 
I        4      10      20      35      50 

^<  Series  exprels'd  Analytically  is 


X 


=r       ^  '  ^  '3_  — 


;r.jr+i.«  +  2x4-4-T    ~x  +  i.x  +  2         ^x  +  spc  +  z 
"  Tis  required  to  find  the  Sum  of  a  given  Series,  one  of  the  Termis  of 

"  which  is  V  ,  where  x  fignifics  the  natural  Numbers 

XX+3IX  +  2II  ^ 

**  »»  ^1  3>  ^^*  and  /  fignifies  Unity,-  or  the  Diflference  of  the  federal  x. 
**  Let  us  fupjH^  that  the  Term  required  of  the  Summing  Scries  is 

— —, f=-T-*    But  the  Difference  of  -*=     — +>     ^        = 

mx  +  n  I       J^  ^     •     I         )f  ^  d  1^ 

^  do Q  d  ^    „ 

"  '  >  >  +  P  i  >"  ^^  ^  ®  =f^9Cy  diiddy=mdx  =  mL  Therefore 

•*theDifferenceofE.= ,  ^^^^,     , --j.Now we muft make 

+  fnm  I X  +  mn  1 1 

mmx  X  +  2mnl  X  -^^  nn  II     mmxx  +  ^mmtx-^zmtnlT 
+  mm  Ix  +  mnll 

**  thcfe  two  Forms  muft  be  identified, wherein  the  given  Quantity  is  multi- 

n  f 

**  ply'd  by  -rL.    Then  making  the  refpedive  Terms  equal,  fincc  the 
fnfn 

"  jf*s  are  the  fame,  we  fhall  have  by  fimple  x^,  2  »  4-  ;»=:  3  i9»,  that  is  tp 
*'  %,  m  =  n.  Then  by  the  abfoiute  Terms  nn^mnz:i%mmj  which 
**  is  again  iw  =  ».  Therefore  the  Identification  fucceeds,  and  we  may 
**  make  nzizmzzl  =1,  and/ s=x,  (for/ may  be  ttdun  at  Plcafurc)  and 
Vol.  IV.  R  "the 
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^  the  term  of  th?  Summing  Series  will  be-JL-.    tor  the  Citfereftoa 

^+  r 

^  of -4—  gives ^+l+£=: !« ,     and  confc^ 

^+1^  ^^t      fe+2      XX+3X  +  2 

«  qtiently  ^^      gives  the  Suih  nfil^  ^  ; ^      ^ 

♦«'  4,  £.,  J+,5,in.,  Q?^.  the  dutakDHHft  8ei4eft. whoft  Teffli  i»  .-^ . 
2        5       7.  *+i 

«  Alfo-L+-l+^+JL+^,  e?r.  is  the  ^ifes  to  be  fum'd, 
I         4       10      20      25 

«  whofe  Term  is  ,        ^      .    And  to  make  Ufc 

^'.  ^  +  I .  y -I- 2  .  )i  4x7  X  7 

^^  of  thena  for  Summations,  the  five  Terms,  for  Example,  of  the  given 

"  Scries  Ihall  be  -2- 3  —  — ^.    And   in  general,  the  Sum  of 

7  7 

<<  the  Terms  as  far  as  any  Term^—  ^     -      ji     ^^  exdu- 

X  .  ^  4- I .  X  4- 2  X  X  X  4  X  4 

6  X 
«*  fivdy,  Ihall  be ■• 3.    And  for  the  Sum  of  the  intire  Series 

«  ad  infinitum^  x  then  becomes  infinite,  and  therefore——-  =  6  : 

**  Therefore  the  Sum  of  the  whole  Series  is  6  —  3;=  3,  as  you  have 
*•  found  it. 

"  This  Method  is  the  Calculation  of  Differences  apply'd  to  Numbers ; 
*'  and  I  mull  own  to  yoii^  that  before  lapply'd  it  to  Figures,  and  even 
"  before  I  commenced  Geometrician,  I  praftifed  it  in  fonae  Meafure 
*•  upon  Numbers^ :  Having  found,,  when  I  was  yet  bur  yOung,  tKat 
**  Series  whofe  Numerators  are  Units,  and  the  Denominators  any  figu- 
"  rate  Numbers,  as  Triangular,  Pyramidal,  t?^.  were  the  firft,  iecond, 
^^  third,  &r.  Differences  multiply^d  by  the  conftant  Quantities  of  thii 

*<  Series  ,— 4.  JL.+-i-4- JL,^Cs?r.andconfequently  werefiinimrfae. 
1234 

*«  Bvit  after  I  became  fomediing  of  a  Geometrician  and  an  Analyft,  I 
*«  few  IB  was  poffible  to  arrive  at  thcfe  Summations  by  a  general'  Me- 
•^  tbod,  when  it  couhj  be  done -,  and  that  thcCukulus  of  Deferences' 
>•  was^ftlH  moje  convenient  inGcoteetry  thaa  iat  Nmttbers,  becadfe^ 

there 


j 
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V  Plucc  in  eke  Tv^gmts,  as  the  Sums  have  in  Qy^nttmes,  Hiis  ^- 
f(  aeral  Method  of  finding  the  Somoiing  Scries  of  the  Series  givent 
<^  when  it  is  poffible,  always  fucceeds,  when  the  Term  of  the  Series 
<<  given  exprcfs*d  Analytically  has  no  variable  Quantity  involved  in  a 
««  Radical  Sign,  nor  entring  in  the  Exponent  (  and  dien  one  may  aU 
<<  ways  determine  the  Summing  Series,  or  prove  it  impoflible  to  be 
"  found.  And  the  Thing  very  often  fucceeds,  even  when  the  variable 
«<  Quantity  enters  the  Exponent.  But  as  diere  are  fometimes  particular 
<^  Quadratures  of  fome  Portions  of  a  Figure,  when  one  cannot  give  the 
<<  genend  Quadrature,  or  the  Quadratrix  ;  fo  fometimes  one  may  find 
^<  the  Sum  of  the  whole  Series,  or  of  a  certain  Part,  though  one  cannot 
**  find  the  Sum  of  every  Part.  Then  we  muft  have  Recourfe  to  parti- 
^  cular  Methods,  which  we  have  not  always  in  our  Power,  our  Analy^ 
^<  fis  being  not  yet  carried  to  its  due  Perfe&ion. 

Prop.  7.  Prot.  To  find  the  Sum  of  a  Series,  whofe  Numerators  con-' 
fticute  any  ere&  Line  in  PafcbaPs  Arithmetical  Triangle,  and  the  Deno- 
minators conilitute  any  tranfverfe  Line. 

Sohtitm.  Let  p  denote  the  Order  of  the  ereft  Line,  and  j  the  Order 
of  the  Tranfverfe  Line  ;  and  let  fii  be  the  Aggregate  of  fo  many  of  the 
firft  Terms  in  the  ereft  Line  of  the  Order  />  4  j  —  i  as  there  are  Units 

m  J  —  1  ;  and  the  Sum  required  will  be  2  />"^f-*  —  m  x 


1.1,3.  ^^'  ?  —  ^ 


p^pJfi  .(^c.p  +  q-^z 

ijri.  Let  this  Seriesbe  propofcd  i-  +  J-+  il+i2  +  -^+-^  » 

14        10      20      35      56 

where  the  Numerators  conftitute  the  fixth  ereft  Line,  and  the  Denomi- 
nators poffefs  the  fourth  tranfverfe  Line.  Therefore  in  this  Cafe  'tis 
p=6,  J=4t^+f —  ^  =  9>i  —  ^=3»  ^"^  therefore  f»  :=:  i  +  8 
+  28  =  37,  that  is,  equal  to  the  three  firft  Terms  of  the  ninth  ereft  Line, 

Whence  the  Sum  required  wiU  be  2'  — 37  x  LlLlL^HI. 

0.7-8       5" 

£x  2.  Let  the  Numerators  conftitute  the  hundredth  ereft  Line^  and 
kt  the  Denominators  be  the  Trigonal  Numbers,  which  poflefs  the  third 
tranfverfe  Line.    Then  it  will  be^  =  100,  j  =  3,  »  =s  102,  and  there- 


fore the  Sum  required  is  2*«»  —  102  x 


100  .  10 1 


Cor^  If  J  =s  2^  the  Formula  becomes  2ir!li,  by  which  the  Aggre- 

R2  gate 
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gate  will  be  esdnbked,  of  the  whole  fiift  Term,  with  half  Ae  feteod,  m 
third  Part  of  tbethird,  a  fourth  Part  of  the  fourth,  and  fo  on,  of  anf 
crcft  Line  of  the  Order  p  of  Paf€hdF%  Arithmetical  Trian^e.    Thus  for 

J23456  6  2 

Prop.  8«  Vroh.  To  find  the  Sum  of  the  fame  Series,  when  the  Signs 
of  the  Terms  are  alternately  +  and  -r-  . 

Solution.  The  Sum  required  will  be  exhibited  by  this  very  fimple  For- 


mula, 


pJ^q^^ 

6 


Ex.  Let  it  be  propofed  to  find  the  Sum  of  this  Series,  -i J- 

-15 _l£_+_ii. 5 — h— i_,  where  the  Numerators  conftitute 

45       165      495      1287    3003 

the  ieventh  ereA  Line,  and  the  Denominators  the  ninth  tranfverie  Line. 
Thcarefore  in  the  Formula  for  p  and  q  writing  7  and  9,  and  the  Sum  will 

beJL=^. 

U       7 

The  fame  Scries  of  Numerators  remaining,  (that  is,  the  feventh  ereft 
Line)  if  for  the  Series  of  Denominators  be  taken  the  fecond,  third, 

fourth,  6f^.  tranfverie  Lines  fucceffively,  the  Sums  will  beJL,  -^,  J^^ 

±^  J-,  £5?^.  which  may  be  wrote  thus,  JL,  7  ^  Jl.,  ?!?, 
lo      II  7      28       84     210   462 

^c.  where  both  the  Numerators  and  Denominators  are  taken  out  of  the 
tranfverie  Line  of  the  feventh  Order.  The  fame  would  obtain  if  in- 
ftead  of  the  feventh,  the  Numerators  fhould  conftitute  any  other  eredb 
Line  of  the  Order  ^.  For  the  Sums  would  arife  from  the  Application 
of  the  Terms  of  the  tranfvcrfe  Line  of  the  fame  Order  ^  to  tne  Terms 
next  following  in  the  fame  Line. 

Thefe  two  laft  Propofitions  are  rather  neat  than  ufeful  5  therefore  wc 
will  leave  the  Demonftration  of  our  Formulae,  to  be  found  by  the 
Ingenuity  of  the  Reader,  and  betake  ourfelves  now  to  the  kft  Ptopo- 
fition,  which  contains  a  third  Species  of  Series,  remarkable  enough 
for  its  great  Ufe. 

Lemma  5.    Let  there  be  any  Series  ~  ^,    ^  ~y(^c.  theDe- 

b      b       b^      b^ 

nominators  of  whofe  Terms  conftitute  any  Geometrical  Progreflion,  b^ 
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1%  b*^  h*y  &e.  AUb  Itt  tlw  firft  of  the  Numerators  if  (s  ili)  be  the 
firfrof  die  firft  Differences  B,  the  firft  of  the  fecondC,  the  firft  of  the 

tlurd  D,  of  the  fourth  £,  and  fo  on.    And  let -^^  rr-*  -l^i  ^(^c- 

b     b*      b*     b* 

rcfpefitivdy  be  the  Aggregates  of  one,  two,  thre^  four,  or  more  Terms 

of  the  Series  —,   -^y  -S->  ^^'  and  let  the  firft  of  the  Numerators  be  •  - "" 

b       b*      »* 

« (s=  «)  tbc  firft  of  the  firft  Difierenccs  be  ^,  the  firft  of  the  iecond  c, 
the  firft  of  the  third  i,  and  fo  on.  Andlct^— .  i  s=  j.  Thenthc  Va- 
lues da,  hy  c,  dy  &c.  will  be 

kz=     bJ+     B 

f=:  q  h  A+    bP.  ^       C 

d=q^  b  J -{-qbE  +  qbC -^  Dy  and  iootK 

Bemonjiration.    It  is  plain  that  a  =  «  =  vf  =:  Af. 

The  Terms  *^  -^.  -^,   jj,  Csff.  (the  Numerators  My  N,  O, 
h        b        b'      b*  ' 

P,  &c.  being  exprefs'd  by  Ay  By  C,  A  6?f.)  are  transform'd  into  the 
TmnsA    tl±J    ^1+2  5 +  C    ^+3^+3^  +  ^    «^ 

Whence  by  collecting  the  Sums  of  the  Terms  are  found  the  Numerators. 
*9  ft  >«  A  &<^-  that  is, 
«=  A 


1=  -6+ I  ^+5 


>=  b'+b+iA+b    +2B  +C 

f  =  b'+b*+b+iA^b*  +  2b  +  3B+T+3C-\rD^(^c. 
Whence  taking  the  Difierences,  fihey  become 

1=      kA-^      B 

#=    ^bA^    bB+    C 

d=qqb  A+qbB-ir  hC  J^Dy  and  fo  cm,  as  in  die  Propofition. 

Or.  I.  Of  the  Numerators  My  JV,  O,  P,  (Sc.  if  die  firft,  fecond»  thirds 
cr  any  other  Difiercnce  is  given  j  in  the  Series  Ay  By  C.D,  &ff.  all  the 
Terms  after  fome  of  the  firft  vanifliing,  the  Differences  X  c,  J,  ©V.  will 
a  laft  become  a  Geometrical  Pro«effion  m  the  Ratio  of  i  to  j. .  For 
Exunpki  of  die  Numerators  M,  iV,  0,  P,  tf  f .  if  the  firft  Difference  B 
is  g^,  then  r,  i,  &<:.  will  be  in  the  continued  Geometrical  Ratio  o£  i 
tof  J  as  appears  by  dicir  Values  qb  A -^b  B,qibA+ qiiByfde.  it 
being  CssosDjeff.  ^ 

C«r.  ft. 


iz6  0/ tifmi^  S^rnis. 


C$r.  2.  But  the  Order  of  the  ^  ^f  ij>e  DilEinpic$«  ^tCjJ\^ 
which  vanifli  in  ti4s  Manner,  is  the  fame  as  the  Order  of  th^  pijfereiiibeg 
b  or  Cj  iSc.  whence  that  Geometrical  Progreffion  begins.  Thus  if  5  = 
o  =  Cy  ^c.  then  bj  c^  d^  ^c.  will  be  in  a  Geometrical  Pro^effion.  If 
C  =  o  =  A  ^c.  then  r,  4,  tsfc.  will  be  in  a  (Geometrical  Progreffion. 
And  fo  on. 

Lemma  6.  The  fame  Things  being  fuppofed,  let  r  be  that  Teim  by 
which  the  Geometrical  ProgrelGon  begins  in  the  Series  of  DiffisraKstt  ^^ 
€^  dy  (^€.  wd  by  ^  +  I  let  the  Order  in  the  Term  be  denoted  in  du^  Se. 

ries    *       ^,  -^,    A,  ^^.    Then  that  Term  will  be  denoted  by 

a  Fradtion,  the  Denomitutor  of  which  being  hP*^^  the  Numerator  is 

n  +  bpJ^€p\llZl  +dpx  tizlxtnl,  &fr,+  JL 
2 2  3 f 

^hi>—i'--qp^i'  pxL:Zl  —  q^pxt—l^x^SZl,(<?c. 

2  23 

# 

the  Order  of  the  vani(hing  Difference  of  the  Series  5,  Cj  A  6?^*  being 
denoted  by  »,  as  alfo  the  Number  of  the  Terms  a  +  i  p^  (^c.  and  like- 
wife  of  the  Terms  —  i  —  j  /,  (^c. 
Dem<mftratum.  By  Lentlna  i,  the  Numerator  of  that  Term  is  ^d|ibt&ed 

by  the  Formula a'\'  ip  +  cp  .  ^       ^  +  ^P^  ^       '  x^       ^»  tf^. 

2  23 

(if^  +  I  fupplies  the  Place  of  ;if  in  that  Lemma.) 

Therefore  if  it  is  for  Example  n  =:  2,,  by  Lem.  5.  Cor.  2.  it  will  be  r, 
dj  l^c.  in  the  continued  Ratio  of  i  to  q.    Therefore  the  Numerator  in 

this  Cafe  is tf  4. ^  f  +  cp  x^       ^+f  j/>  x^        ^  x^       ^  4-^g*^x 

2  23 

tZLlxl:r^xt—J^y^c.    ButiftheTermsr;)x-^^=li  +  f  jjx 
234  2  ^ 

^rZ-i  X  ^       ^,  £s?^.  are  multiplied  byX- ,  and  to  the  Produft  be  adckd 
23  c 

the  Terms  i  +  qpj  ^  Series  will  arife,  by  which  the  Digaity  i  +  jK=9, 
hf  of  the  Binomial  i  +  j  is  exprefs'd*    Therefore  thaf  Prodi)^  is  equal 

tobP  —  I  —  I  ^ ;  and  therefore  the  Terms  cp  yZhIj^  c  jp  x^T^/ 


K^ — ^^^^^c,  s  -— x^-^ii-rj/^,  by  which  the  Numerator  be- 
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come8ii+  1^  4 ytip —  i — ^p  5  the  twa Terms  being,  d  +  bp^ 

SJ 
t%  alfo  ihi  two  —  x  —  qp^  sccordmg  to  the  Scnfe  of  the  Propofitiont 
becaufe  «  s  a.    And  there  is  the  iame  Demonftration  in  other  Cafes. 
As  to  the  Denominator,  the  Thing  is  manifeft  of  itfelf. 
Prt^.  9.  PrcK    To  find  the  Sum  of  any  Number  of  Terms  of  any 

JLf  XT  OP' 

Scries   — ->  -3-,  -7—,   -7-,  &?r.  of  the  Terms  of  which  the  Deno- 

minators  conftitute  any  Geometrical  Progreffion  A,  A*,  A%  &?c.  and  the 
Numerators  a-e  Quantities  having  any  conftant  Difference. 

SifbUtM.  Of  the  Numerators  Mj  JV,  O,  P,  tf  ^.  let  the  firft  be  J^  the 
firft  of  the  firft  Differences  S,  the  firft  of  the  fecond  Cy  the  firft  of  the 
third  Dy  and  fo  on.  And  of  Jj  5,  C,  A  &?<:.  let  the  Number  be  »,  and 
i— i=f  Then  let  ^  =:^(=A/)  i=A^4-5,r=:  qbji^  bR 
^Cjiz=Lq*  bA^  qb  B  +  bC -^Dy^^c.  that  there  may  be  fo  many 
Terms,  j,  ^,  r,  £9^^.  as  there  are  Units  in  «  -f  i.    Let  the  laft  of  thofe 

M      ff 
Tcrais  be  called  r,  and  by^  -f-  i  let  the  Number  of  Terms—- ,  -— , 

b         b* 

0      P 

jj->  — ,  be  denoted,  whofe  Sum  is  required.    I  fay  that  Suni  will  be 

exhibited  by  a  Fraffion,  whofe  Denominator  being  bP'*'\  the  Numerator 
will  be 


a+ip^epxi- 

^^ 

2 

3 

,£iff.-*- 

r 
2:. 

xbf —  1 — }^  — 

■  ep: 

2 

-i'pxl: 

2           3 

■^Gf<r.. 

—  j'-^^x^""' 

2 

I      Dtmti^ration,    For  (by  £cw.  6.)  by  thift  Formula  b  reprefented  dir 
I   /+iTetmin  order  of  the  Series  4-»  A*  -r;,  -i-»C!?^-whichTentt 
(by  the  ConAruAion  ofLem,  5.)  is  equal  to  the  Aggregate  of  Tenm  im 
,    N^ttnber  r  +  1  of  the  propofed  Series  :^,^,^,^,  ^r.  ^  £.  D. 

£*.  1.  Let  diere  be  found  the  Sum  of  nine  Terms  of  die  Senes  ~  _ 

'2.  :    •  .  *      ■ 

I   ■--»  ~*  —,  (jff.  ladusCafe  *tis*&  =  2,f  =  *--i  =  i,j>-j- is^ 

9r  ^  =  8,  ^=s  I,  As  I,  Cs os=  A  6?tf.  and  therefore  »  sr  2,  (be- 
caufe thoc  are  two^^»i^,)  Iicnccitis<»=>f=;i,*s=*>f+Ass2x 
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i+i=3,c  =  jA^+A5  +  C=:2xi+2xi+o  =  4a:r5  and 
therefore  by  the  Formula  the  Sum  required  isi+jxS+JLx 


T» 5" 


r.  2.  Let  the  Sum  of  fix  Terms  be  required  of  this  Series  i  x  «  + 
!   +ox3'  +  iox3*+i5x3»+2ix3Sej?f.  Inthis  Cafe 'tis 

!=  £,  e^<r.  and  therefore  »  =  3,  and  a  =  i,  ^  =~+  2  =s  -2- .    c  = 
Sum  required  is  19956,  or 


.  Or^/.  I.  The  Sum  of  the  fame  Scries,  continued  from  the  firft  Term 
^  in  infinitum^  is  exhibited  by  a  very  fimple  Formula  -  j^ 


b^^^       b'::^'       TiTT^ 

Corol.  2.  If  b=:  2,  the  Sum  of  the  whole  Series  continued  infinitely 
is  had  by  the  Addition  only  of  the  Terms  yf,  B,  C,  D,'(^c.  And  this 
Sum  is  the  lame  as  the  Sum  of  the  eredt  Line  anfwering  to  the  firft  Term 
y/in  the  Arithmetical  Triangle,  whofe  tranfverfe  Line  is  occupied  by 
the  Numerators  Af,  iV,  0,  P,  6?f .  which  eafily  appears  from  the  Confi- 
deration  of  the  Triangle.  If  therefore  JVf,  iST,  0,  6ff .  are  figurate  Num- 
bers of  any  Order  »,  the  Sum  of  the  Series  —  -J-  iL^^^f.^  (^c. 

.2  4       8      i6 

will  be  equal  to  this  Dignity  of  the  Number  2,  that  is  "i)*-* .      Thus 

die 
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tfafe  Scriei  JL+J_^ — L.+^,  i^c.  a'--»s5  i,  as  b  commonly 
a      4       8       16 

known.  ThcScrics-L+  3.+ J.4.  +  ,  f^c.  =  2— «  =  2  j  and  the 
2       4       8       16 

Series   -L+  ^^+— +  -^  &^^.  =  2S^«  =  2*  =  4.  And  fo  on. 
24816 

Scholium.  The  celebrated  Mr.  James  BermmUi^  in  his  Treatife  about 
infinite  Series,  has  folved  this  Problem.  ^*  To  find  the  Sum  of  an  in- 
*^  finite  Series  of  Fraftions,  whofe  Denominators  increafe  in  any  Geo- 
"  metrical  Progreflion,  but  the  Numeraton  proceed  either  according 
^*  to  the  natural  Numbers  i,  2,  3,  4,  &r.  or  Trigonals  i,  3,  6,  io» 
^*  &^.  orPyramidals  i,  4,  lOf  20,  ^c.  or  according  to  Squares  i,  4, 
**  9,  i6»  Cs?^,  CMT  Cubes  i,  8,  27,  64,  6ff.  or  the  Multiples  of  thefc. 
The  Reader  may  confult  his  Solution.  Mr,  Nic,  Bernoulli  his  Nephew 
found  another  Solution  much  more  general,  and  was  pleas'd  to  commu- 
nicate it  to  me  in  a  Letter  of  Septemer  18, 1715,  after  I  had  fent  him 
this,  but  without  a  Demonftration.  His  Letter  was  full  of  admirable 
Diicoveries,  fuch  as  that  learned  Gentleman  often  imparts  to  me.  Con- 
cerning this  Problem  he  writes  thus.  As  to  the  Sum  of  any  determinate 
Numter  n  of  Terms  of  the  Series  of  your  feventh  Theorem,  (the  .firft 

Corollary  of  this  Propofirion)  I  have  found  this  Formula  —  x 

where  the  Letters  jf^  By  C,  &fr.  denote  the  Coelficients  of  the  Terms  im- 
mediately preceding.  And  in  this  Formula  putting  ^  +  i  for  n^  b^  for 
»,  and  multiplying  the  whole  by  ^"^S  we  ihall  have  the  Solution  rf 
your  Prob.  9.  And  this  able  Mathematician  acquaints  me,  that  this  his 
general  Formula  will  be  changed  |nto  our  particular  one,  {Corol.  i.  of 

this Pr^Jitm)  when  » »  co .    For  then  i, »,  »,  ^"^  ',   n     ^  "^  ' 


2  2 

im,  Gfo  will  vanifh  in  refpeft  of  the  Terms  nf  ^  A  B^  C,  C^c.  fo 

^  \  J  B 

thai  the  S<rie$  in  that  Cafe  will  be  — l^  a  ~{ — :^1—  h  -H—^^r,  t^c. 

wWch  Intircly  coincides  with  ours  — ? — -w      .       ^f — -^-— ^  i5i?f. 


Voi.  IV.  S  Dr. 


■iV 


Dr.  Taylor  has  found  another  SQlution  of  tlu  Frobleoi,'  y^4i9mfit. 
(torn  thefe  by '  the  Help  of  his  MethM  x?f  Incnemcnt?.  Af  the  Defire  of 
that  very  learned  Man  I  had  fent  him  my  fecond  Formula  for  the  Solu-* 
tiQ9  9£  Prok  z.  as  alfo  the  Richer  For<ns  l>eioBguig\p^  i^^y  ^?l¥^' 
and  ififch  Propofitions,  but  without  their  Demonftrations.  For  I  did 
not  doubt  but  fo  acute  a  Man,  and  the  Inventer  of  the  Method  of  In- 
creme  «$,  wopld  be  able  to  find  out  thele,  or  others. like  to  ihcoi.  {jIt 
wrote  back  that  he  had  found  the  Solutions,  and  at  <the  fame  Tibie  com- 
inun^cated  feveral  other  Things,  tending  much  to  the  Iii^rovement  of 
this  Method.  Thffe,  at  my  Requeft,  he  has  thought  fit  to  fubjoin  -tp 
this  ^Pifcourfe  of  mine; 

Jh  Appendix, '    At  .th^  Re^eft  of  the  ingenious  Author  we  CKbibit  the  following  jPIirQ- 

*f^^'\f  '^^  bohfions,  which  we  proposM  to  rcferve  for  another  Occafian^  but  4^at 

in  «  ^Mff^ent  wp  Aought  proper  xo  comply  with  the  Defire  of  a  Friend,  who  propofed 

Mattntr ;  hy   fpQi^.ofthe  lof^oiiig  Propofitions  ;p  our  Inquiry,,  aod  gave  us  thp  .Oo- 

^''•.^•Tay-  cafion  dffindii^g'them.  .... 

or,  tb.p.  676.      J)efinitions.  i,  I  denote  the  prelent  Value  pf  any  variable  Quantity  by 

the  Ijstter  iimply  wrote  down,  as  x ;  the  foregoing  Values  I  diftmguim 

by  Ijtde  jLines  put  at  the  Top  of  tshe  Letter,  and  c^e  following  Valpp$  I 

(JiftiQguiih  by  little  Lines  put  under  the  Letter.     So[th^  by  the  Eqn^c 

of  this  Definition  ^,  ^,  ^,  x^  at,   are  five  continual  Values  of  the  fame 

/  // 

variable  Quantity,  ^  being  the  prefent  Value,  y^  the  Value  laft  paft,  y 
the  fecond  paft  ;  x  is  the  Value  next  to  come,  and  x  the  fecond  to  come. 

And  fo  of  others*    After  the  fame  Manner  are  to  be  undcrftopd  thete- 

tle  Lines  which  are  put  xo  Increments.     Thus  y,  Xy  y,  x^  x,  are  five 

'  ^* ' '  //  •     .     ' '  *//*** 

iucoeflive  Values  of  x  \  aad  fo  x  is  the  fecond  Increment  of  ^j  dad 

**  .  **  \ 

X  is  tt^^&cond  laaetneBt  of  ;^  ^  and  the  like  of  others* 

••  * 

Cor.  By  vertue  of  this  Definirion  X'\'Xz=iX^x  -^  x^^zx^x^x  z^x. 

And  fo  of  all  others  of  this  Kmd. 

When  Occafion  requires  that  a, variable  Quantity,  fuppofe  x^  id  ttrbe 
look'd  upon  as  an  Increment,  I  denote  its  Integral  by  the  Letter  ipclu- 
ded  between  two  Hooks  [  ]  .  Alfo  the  Integral  of  the  Int^ral  [  x  J 
or  the  .fecond  Integral  of  x.  I  denote  by  putting  the  Number  2  over  the 

2 
firft  of  the  Hopks^  as  £  ^  }.    AHb  the  Integral  of  thi$  Integral,  or  the 
third  Integral  ^x^\  denote  io  the  iame  Manner  by  putting  the  Number 


J  Cffcr  tbc  Hooki,  as  [x].    And  fo on.    Tbeitfore  by  virtue  of  this 

3        ?'  ■  '    • 

DcfinitiOT  [  x],  tx^^[9f  ]»  *r,,  iorlftjtute  a  Series  ef  Terms,  cvtrjr  one 

of  which  is  the  firll  Increment  of  the  Quantity  immediately  before  it  y  fo 

'2  3  2-    '     •  •        ' 

.thsttiti8[^j=:[x]^  [x]5:[x-],  x  =  [x].  ^        -• 

Lemma.  The  Increment  of  the  Produft  x  v,  made  by  the  MuItipBca- 
tion  of  the  two  variable  Quantities  ^  and  v,  is  x  v  +  x  v. 


•  • 


For  the  Variabks  being  Increafed  by  their  proper  Increments,  beconqes 

the  new  Produft  x4-xxv*f  ti^cn^xt^^.  x  v  4*.x  +  x  x  v,  tfcit  is,  xv 
•  •  •  •      • 

4.*f +  ^v,  writing^  for  ;f-**»r«l^zy,  I.    From  whence  taking^ 

foroier  Frodvdt  *  v»  there  remohM  the  Incraneot  *:»•+'  ir  ti, 

Prtfp.  I.  J^tf*r.  The  Increment  of  the  fame  Produfb  x  v,  dther  firft, 
ietond,  third,  or  a$y  other,  the  Order  of  wbick  if  denottd  by  ^  $yisbol 
»,  will  be  exhibJteaby  this  general  Formula. 

f 

In  thU  Formult  thefc  TMng»  fnr  to  be  obftrved,    Firft,  ^e  Coc<i- 

eieiiiM>f  tin  TewM  i, «,  nn HiS^t wts^LIZJ.h IZiJi  (^c  m  ^ 
,    -  ■      .    .         »  ?  -  3 

feme  as  of  tlie  Binomial  raifcd  to  the  Power  n.  Secondly,  the  Num- 
bers«,  If .—  I,  j|  -•  ?,  Cj'tv  writtei> below  every  tf%  denote  th»  Number 
of  the  Points  by  which  the  Increments  ire  d^termr^^C  "Thhrdly,  the 
Jitde  LUies  ^  ,^  ,^  (de,  written  under  *,  jlre  to  be  interpreted  according  to 
JY'  »•  Four&lv,  in  every  Term  theNumberof  the  PoinW  togothcr  writ- 
im  w^Aof  »  and-<s  riway«  make  9: .  jFpr  Inltance,  let »  s  4.  then  by  the 
Fftrmola ^ foutifl* Iwremcht of jf r,ViU bcxvn^^^^xv~^6x  v 

+  4  ir  V  4.  XV,  '  .    ■  \ 

■m  *x       in4  f^  ■  -     ■     •:•;•■••■     . .   ■ .  - 

Pr<5p.  2.  Ti>(9r, .  The  firft  Integral  of  xv,  or  J^v).  1«  exhibited  by 

•«'    '•••"".•3    •  '■•■4     ■  •   ■  • ■ 

the5crlc»r*]v  — rx]v-|-  [x]  v— [*]  v,(:f*. 

Sa  But 
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But  the  Series  is  thus  terminated,  that  it  majr  be  [xv  ]  =s  [  y  ]  v  ^-^^ 

For  by  taking  the  Increments,  the  propofed  Quantity  *  v  will  be  re- 
ftorcd. 
Ccr.  I.  Twoofthofc[;tf]^  [x  v],  T  [^J^l^beinggiven^thcthird 

2 

will  be  given.    Alfbany  three  of  thefe  being  given  [^],  [x],  [xv]^ 

I   [  at]  v    I,  the  fourth  is  given  •,.  «nd  fo  on. 

Or. !».  Uvz=.o^  then  f  x  v  ]  is  given  when  [ x ]  is  given.    liv^Oy 

then  [xvjis  given  from  the  two  [x]  and  [  x  ]  being  given.  If  v  =  o, 

^        3 
tJien  [xv]  is^enfromdiethr^  ^x],  [xji  [ x ]  being given^     And 

foon. 

Ex.  I.    For  an  Example  of  tlus  Formula^  let  us  find  die  Integral  of 

— ^ —  fcom  z  bdng  mveoy  and  v  ^zoy  whieh  b  a  particular  Cafe  of 
zzzz  •         ^^  V 

/  //  /// 


Making. therefore X  = — I — ,.  'tis  Tx^zz    ^}     f^^  ss: £ 

zzzz  ^  2ZZZZl^l        2ZX2ZZZu 


of  the  fecond  Pcopofition  of  the  focegoing  Treatife  of  Mn  Monmort. 

2 

and  [x  1  =1  *• .     Whence  by  the  Formula  it  is  [x  v  ], 

'  u 

that  =-  '        ^     -i  —  ^  "  '' 


Xjzzz  z    I 

i   tf  tH  ^ 


^ZZZZ        2ZX2ZZZ       IZX2ZXZ2; 

£^.  2»  Let  anodier  Example  be  the  Invention  of  the  Int^ral  of  A*c^. 
where  ski,  and  » is  ^ven.    Then  for  x  affuming  tf»,  and  lor  v.  taking 

z  ■ 

Zy^iisxsu\  thati8^siiX|0rx4'^  =  «Xj  andtherdfore^rsir — i 


f 
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i>,and*g   *f   -.    Therefore  returning  to  die  Int^pnls,  h  it  [»]a 
tf  —  I 

andfoon.    Therefore  bccaufe  xs^  y^  *tis[y]=     ^    »M=,=4^ 

'  4  —  1  /     a— i) 


rj(3=:«f=4~»^^'  Whence  b;  the  Fonnub  there  comes  out  [ntf"] 


i-H-l 


In  this  Example  is  contained  the  Solution  of  the  Problem,  treated  of 
by  Mr.  Monmtrt  in  the  ninth  Fropofition*  And  the  Formula  coincides 
with  diat  which  he  mres  us  in  his  firft  Corollary  of  the  famePropofition. 

Scholium.  Other  values  alfo  of  the  Integral  required  may  be  derived 
from  this  Form,  according  to  the  diflferent  Manner  in*  which  the  FaAors 
of  the  propofed  Increment  are  interpreted.  Thus  in  the  fecend  Rum- 
ple the  Intend  of  n  a'  may  be  exnibited  by  the  Formula  n*  [  n  ]  — 

^  ^         3 

tf  —  I  fl»  [  If  ]  +  a— 11  *  ^  [ » L  6?^-  rf»t  is,  taking  n for  ;r,  and  a» 
/  // 

for  V.    But  we  may  treat  more  of  this  perhaps  on  another  Occafibn. 

Prop.  3.  Tbeor.  The  Integcal  of  the  famexv,  either  firft,  fecond^. 
third,,  oc  any  other  whofe  Ordec  is  denoted  by  the  Symbol »,  is  exhibi- 

n  n 

ted  by  a  Series  proceeding  in  diis  general  Form^  [  a^  t^  ]  =  [  x  ]  v  — i  #< 

/     •  a      //   ••  2  3    ^^^    V 

The  Form  of  the  Series  being  derived  from  the  foregoing  Propolitionit, 

the  Coefficients  iy^n,n%l±l^n.%l±l  x!L±i,  &f^.  are  thus. 

2.  2  3 

n  Hr 

found  fay  the  Method  of  Increments.   Suppofe  [xv}si^[;^]  9  4.  ^; 

»+i  «+2  »+l 

[x]«+Cf  *]t?-t|.DrxJ  V,  t?c    Then  »  being incrcafed  by  its 

Aagmeiit us  i»  andthcQuantitia i^.B, C,  A  ^^  ^  their fynchn>- 

Ml 


J.34  O/Ji^mar^Uff, 

tak  Ipcxtfofintu  A  |f  i9.9t,5s?*^*?»'?:S?7?M9r^nft^beeanei«,  J,  5,  C,  A 

(^c.  a  new  Int^ral  (wWch  is  the  Integral  of  [  x  v  ])  wilTBc  had,  that  is 

'Toh:.{hc;;lrii  I?creifijaii of  this (WghrToCifitttdde  with  the  Intt^-iti^ 

l^MUbevis.    TKereJbw  tikilil  tftef-.liiarfcmeBts,  it  wUi- U  {  »  «  }  t 

«  »+i  »+2  »+3 

yff*]v  +  ^r*]v  +  Br  *  1  V .+  C  r  *  O  V  ^^C^r  tthe  laa(te  «s  the 

Integral  abov«  fupfpofcd.  ^  Th^fore  companng  t;be;hoiDQlbgous  Terms 
with  one  apotl^r«  it  U  ficft-4  ^  ^<  .  Wlfqnce.  4  is  4  .given  Qjjaadty. 

Bi|t  wh^  /»  B^  oi'then  ,<(  jji  j  j  there^  -^ffsi*    .Secondly,  B  as 
^  -+-  A  that  4s,,  «6  ss  ^  +  5-1-1,  or  5 :» —  j  s=^-  «,    Therefore 

.  '■•,.'.....:■.•.    :.  ...'.  :  . '.-.  ''■...> 

returning  to  the  Integrals  it  is  5  =5  —  »  +  «.    But"  when  «  ss  o,  it  is 
B^o,    Therefore /» =: o,  and  fi  =  —  «.    Thirdly,  C zi€ +  B».thait 

■'     ■  ,  -     •  ,•   ..      .    -  ,'         •>'•..•  •  ■••  ,   *.  ■'       '  - 

is,  Ca;*.     And  retwrning  to  the  Integrals  'tis  C  =^+  *•  Bui;wh«i 

»  =  0,  'tis  C  s:  o  i  therefore  *  ss  o,  and  Csi     ^  >     ,  that-is»  «  x 

...  a 

^^tJL .  iFburthly,  in  'the  fame  Manftcr  "it  will  be  found,  that  Z)  =s  —  n  x 

fbutid.  • 

Scholium  I.  In  this  Fropofition  compared  with  the  firft  Propofiti<mt 
It  may  be  perceived  that  there  is  a  wrtain  fingulw  Rd*tio5  between  In- 
creraents  and  thdr  Integrals.  For  as  in  vulgar  Arithmctick  Multiplica- 
tion and  Dh^ifion  are  (b  contrary,  that  if  Multiplication  is  denoted  by 
an.'afBrtaKitivQ  &ide%,  pivi^nwill  be  d^noitdifty  ah  Inden  w^4**coii- 
trary  Sign ;  fo  in  the  Method  of  lncren)ents,if  an  Increment  be  denoted 
^  an^amrmativ^  Index»  a  negative  inde^tirilf  #e$.ttf  Integrals  Thsi% 
in  the  firft  ProJ>ofition,  ifFor  n  l)e'takcri  die  Number  z^oy  the  Fotmtt- 
h  tbp  feqmdiQcrement'of  ;^.v  wili  b$  gdubitc^i.  #at  h  irx^^.axti4«  xv^ 

But 
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But  tf  for  » the  Mgafiive 'Number  *~  2  is  taken,  that  now  may  be  fbught 
the  negatwdy  fecQild  Incroraent  <4!F  we  maf  fey  fo)  of  ^^  ^,  which  is  the 
fame  Thing  as  the  fecond  Integral,  the  Coefficients  come  out  the  fame  as 
if  s  were  taken  affirmariydy  m  the  pcofent  ftt>pafition ;  «nd  as  the 

Qwntitie^ *ift  ivfefr-  jPOWl^JbMg  iattipitad ty  [ «^3»  C*^ ]*  [ *]> 

^  /^  I  '-I  /       // 

&fc.  ^  Series  tiQCPnirs  wiiigAf  ^  ikme  «  by  Che  former  Propofition, 
where  the  itKQiid  Integral  is/r«^ 

2.  And  from  th^fe  Forpwd**  »  it  ^MCrc  lon  Acir  <ywn  Accprd>  -pro- 
ceed the  Formxilae  of  the  eleventh  and  twelfth  Propofitions  of  the  Book 
com^erniqg  the  jMethod  of  I^icrements.  For  if  for  die  Increments  are 
wrote  the  Fluxions^  and  die  Tncccowics  vaniihiflig  til  i;he  x,  x,  x,  x.  &^. 

i    h  /If 

become  equal ;:  thtii  this  ificof^d  Pf  6po(itipn  will  icnmediately  be  changed 
into  diat  eleventh,  and  the  prefent  third  into  that  twelfth,  which  is  a  re- 
markable Exa^nple  of  the  i^f^w/^n^s'Method,  by  which  he  cpllei^'s  the 
Ratio's  of  the  rlimons  from  tht  laft  Ratio's  of  the  vanifliing  incr?- ' 
meats,  or  the.  firft  Ratio's  oC  the  nafcent  Increments. 

Supplement.  Being  whdly  engaged  in  the  printing  of  the  foregoing  ^Pofifcnpt^ 
TreatUe,  and  takifig.care  ^o  ^cprreft  the  JErrors .  of  the  Prefs,  and  upon  tbtfam,  ibid, 
that  Occafion'fhiiflcihg  often  oh  thefe  Matters;  that  ArtiJfice  came  into  P-  ^^3- 
my  Mind,  which  Mr.  James  Bermulli  form^ly  made  Ufe  of,  ^in  the  In- 
vention oif  certain  Series,  by  the  Help  qf  an  harmpnical  Pr^^i:efl[iop, 
which  Mr.  Monmert  mentions  in  Scbol.  6.  Prop.  5.  afdregoing  i  That  it 
may  be  coay^nicntly  appjy'd  tp  the  finding  Mr.  Monmort^^  Propofitions 
2,  J,  4,  5,  and  otners  of  that  Kind  perhaps;  fqmfthiqg-fn^re  general.  To 
fliew  this  in  the  few  following  Words,  I  thoMght  would  not  be  unaccep- 
table to  the  ittador.  .  ; 

near.  Let  there  be  an  Arithmetical  Progreflfob  ^,  /-}-»,  ^4-2  Px^+S^r 
fiff.  wb<)fciev«rdT?rins  ipfiyfuece^  And  |et.^, 

Cj  dy  (^c.  be  any  Multiples  of  the  given  Difference  tn^  of  tfee  Terms  of 
that  Progreffion.     Let  Jj  5,  C,  A  &fc.  be  any  given*Numbsr§^  4nd  let 

them  conftitute  any  Fraftions  —^       f    ,    ,J^,  /    ^  .  ,  fcf^i'  For 

*  writipfi  fucceffively  itf  Values.^,  ^  -4-  », ^  -^  2  «,  &?f.  and  from  any 
of  thcfc  Fraftions  wUl  arife  a  Series  of  harmpnically 'Proportionals;,  i  Th» 

fcfIii&uict,ifiiom'AeifMFraflion-^ar^  ^   ^    ^ 


-^ — r,  Gfr.  ,  I  fay  ^hat  i^hc  Aggregate  of  any  Numb^  of  fuch  Series 

continued  in  infimtum  may  be  exhibited  in  a  finite  Number  of  Terms^ 

if 
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if  only  the  ^i^grentQ  of  the  Numeratorl  A^  B*  C  B,  &!r.  be  eqiMl  t» 
nothing.    Thi»  will  be  evident  from  the  jtwo  fallowing  Examples. 

Em.i,    Let  there  be  only  two  Fradions^  and ^titbanaisz. 

3  ».  ]c<et  harmotridd;  Series  be  wrote  arifiag  from  thefe  Forms,  ta  fiidi 
an  Order,  that  the  Terms  in  which  are  the  equal  Denominators  may  an- 
fwer  one  another,  and  the  Sums  of  the  homologous  Terms  being  coi- 
ieded,  the  Aggregate  of  thefevcral  Series  wilt  arife  in  a  finite  Number 
of  Terms,  as  may  be  ifeen  in  the  Calculation  followii^.  • 

A^-£-  +-^  +_£_+-:^,  tff.  =  to  the  Scries  fiom-^ . 

4.  JTjd!  4  J=_l ,  £s?f .  =  to  the  Series  froro-ZlJi^ . 
jP+3*   l>+4»  «+3.» 


/^ 


— H — - — \-— h  o  -h  ofcff.  =  AffiTMateof  the  two  Series. 

Ex.  2.    Let  there  be  three  Fraftions  — ,  — £— ,  ,  and  let 

bszithcsi^fft  anAJ+B+C=o.  In  this  Cafe  dte  Calculation  is  thus. 

:!+— il_+-:^+ — :^,  Csff.  =  to  the  Scries  arifing  from— ^. 

R  B  B 

4 — z—^ ,  &ff.    =  to  the  Series  from 


^  +  2»    p  +  3»  x+«» 

r  C 

4 — T— ,  (^c.  =  to  the  Series  from 


>-h3«'  *4-3» 

j1+ JiL_4.d±^4.fdlilJl±^  ==  o)  =  to  the  Aggregate  of  the 
p      p'\-n^P'^2tr\    ^+3« 

three  Series.  ^   ^    .       «  •    xt     u       * 

Here  the  Aggregate  of  the  Series  comes  for£h  m  a  finite  Number  of 

Terms.thatisjl+— :^+^^,  becaufe  the  Aggregate  of  the 

p     P  +  fi   ^+a» 
Numeiatots  A  B,  C,  is  equal  to  nothing.    And  in  the  fame  Manner 
may  the  Theorem  be  dcmonftrated  in  all  Odb  whatever.  -  .  _  . 

Cer.i.  From  thefe  Principles  may  be  denved  an  Infimty  of  rnluute 
Series,  which  yet  are  fummswle  in  finite  Terms. 

Caf.  1     liCt-L  and-^^^  be  the  Formulae  of  two  harmohicnl  S©- 
*'    '  X  x+» 

nes, 
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lies,  die  Ag^rapte  of  which  comes  out  in  a  finite  Number  of  Terms  by 
what  is  ^demonroated  above.    Then  chofe  Formuls  being  colleded. 

Ah 
■     =jai)ecomes  the  Formula  of  the  fummable  Series.    Make  for  In- 

ftance  uf  =  \yf  =  i,  »  =  2,  aiid  *  =s  3  »  =  6.     Then  the  Formulas  of 

the  harmbjiical  Series  will  be.  -i-  and  — L=±/  The  Formula  of  the 

y^^        6xx+6 

compound  fummable  Scries  will  be — '■  '  •  ^  that  Series  being — i— 

+— ? l-ili — .+  -J[ — ,  6?r.  and  the  Sum  of  the  Series,  by  the  Cal- 

3x9      5x11     7x13 

cuius  deaionftratcd before  will  be— I — |.— i-  +  -J-  .  •  Let  there  be 

oxx     0x3     6x5 

three  Formute  of  harmonical  Series,  — ,   ■         ,,  ,  it  being  A 

+  B  +  C  =  o,  that  the  Aggregate  of  the  three  Series  may  be  finite,  by 
what  goes  before.    Then  the  Formulas  being  collected  into  one,  will  be 


Axx+bxx  +  c^Bxy^.J^c  +  Cxxx^b   ^^  (Ae  Terms  being 
X  xx^b  X  X  +  c 


reduced  to  the  Form  of  the  Fadorsx,  xxxJ^b^xxx  +  b^x^c) 


Acb  +  Ac  +  c-.bBxj^+A+B^Cxxycx^b    ^^^  jj,    (be- 
xxx^bxxJ^  c 


\     caufeof^  +  ^+C=o)^'^  +  ^'+^^'^^^^  the  Formula 

XX  x+  b  XX  -^  c 
of  the  lummable  Series, 

If  there  arc  four  Fradlions  —^  —?—,       ^    ,       ^    ,  if^  +  5 

X      X  +b     x  +  c     x  +  d 

+  C4-  D  =  o,  the  formula  of  the  fummable  Series  will  be  found  in  the 
fame  Nf  anner  to  be 


Abcd^Acd^Bxc^^x'd^xx+Jd+Bxd-^b+ 

xxx  +  bx  X  -+-  c  X  x+  d 
And  fo  we  might  go  on  to  ftill  more  compounded  Formulae. 
Vol.  IV.  T  Cafe  z 
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Caft  ay    And  if  tbere  are  feveral  Formuke  of  fucb  &«ftiiiabfe;Scm% 

tlie  Fa&ors  of  whofe  Denomiaatws  ve  tstken  our.of  difiibccot  Axtehmeeical 

Progreffions,  by  the  Addition  of  any  Number  of  thofe  Formute  into 

,   one»  a  new  Formula  wiQ  be  cQqipoie4  of  a.  iununflble  Sesics..    For  &k«- 

ample  Sake  let  there  be  two  Fcnmulas  of  fumm^ble  Series  ■■    ^        and 
X  being  takingout  rf  the  Arithmetical  Progreffiop  1^  2,.  3, 


2  X  2J+  2 


4,  tSc.  and  %  out  of  the  Progrcflion  i,  3,  5>  7,  fcf^.  then  of  thefc  Formu*^ 
lae  coUedtcd  into  flni^  Sum  will  be  m,ade  a  new  Foimuk 


2X2  +  2+.^xy+  3^  nrg^~ix2y+i+yKx4'3.wWg 

XXX4r  3X«X25-t-2  XXX+  3x2;^  — I.K  2  J^  +  I 

is  expounded  by  x  aiid  given  Numbers. 

C^  2.  Hence  every  infinite  Scries  is  fommablc,  whofe  Tcnns  are 
denoted  by  a  Fra6fcion,  the  Faftors  of  whofe  Denominator  .are  taken  out 
of  any  Arithmetical  Progreffionj.  and  the  Numerator  is  a  Multinomium 
whfife  Ditncnfions  are  at  leaft  fewer  by  two  than  the  Dimenfions  of  the 
Denominator.  For  every  Fr%£tion  of  this  Kipd  may  be  rcfolved  into 
fb  many  fim^c  Rraftions,  as  are  the  Dimenfions  (that  is,  the  Number 
of  Factors)  of  the  Denominator,  of  which  Numerators  the  Aggregate  is 

OfitljiBg.  Fos-Example,  let  the  propofed  Formula  be'»+^^4'7^xy+f^ 

X  xx^xx^c  X  x+d 
Sugpofe  this  Formula  to  be  equal  to  the  A^regate  of  the  Fradtions 

— + — —rA '• — I- — r-7-    Then  thofe  Fraftions  being  coUefted 


into  one  Sum,  it  will  be  ^  *  cd+  J€d  +  Bxc--^ix  d —  hxx  -+- 


J4+Bxdr--b  +  Cxd^^xxxx^b  +  J  +  BJ^C'k'Dxxx^ 

X  +  b  X  X  +V,  applyM  to ^  x  x+  bx  x+l x 9c  +  d^  is  equal  to  the 

Ifraaion  ^+^ix^  y^x  x  ^b^ 
XXX  +  bxX'\r^xX'\'d 

Then  by  comparing  the  homologous^  T^rms^  it  is  ^  ^  ^  ^  =  «,  jic  d 

+  fixr  —  *  X  d-^bzzfi^  Ad+Bxd^b-^-Cxd^czzzyy 

^4,j^C-fDs;;o,  and  therefore  ^=--^>^g     ^-^^'/^  y 

bed  c  — ^x«  — ^ 
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^^y^Ai^B%4^h   y,, ^_p_r    By  which  Mrani 


the  propofcd  Formula  is  rcfolvcd  into  the  fimpk  Fraftions  .    ^jt  .+ 

by  which  the  Aggregate  of  the.arifing  Series,  that  is,  the  Sum  of  the 
Series  ariiing  from  thepropofed  Formula 


•  4- 1^  +  yxxx^t 


XXX  ^  ixx+c  X  x^  d^ 

comes  fordi  in  finite  Terms,  by  what  has  been  ftid.  Now  thatdie  Di« 
meniioQS  of  the  Numerator  in  die  propofed  Formuh  muft  be  fewer  by 
two  at  leaft  than  the  Dimenfions  of  the  Denominator,  ynH  appear  from 

A         B  C 

hcncCjthttinthcRfcduaionof  AcFradions — ,  — — j,  , 

X      x^b    x^c 

,^  every  Numerator  A^  By  C;  D,  is  multiply'd  into  all  the  Denomi- 
x  +  d 

nators  except  one,  which  is  its  own.  Whence  the  Dimenfions  of  Che 
Numerator  come  forth  one  lefs  than  the  Dimenfions  of  the  Denomina- 
tor. But  by  the  Equation ^  +  ^+C4-Dso  the  h^eftDimafifion 
m  the  Numerator  is  loll ;  whence  there  remain  the  Dimenfiom  of  the 
Numerator  fewer  iit  le^  by  fwo  than  the  Dimenfions  of  the  Dehomi* 
nator.  Now  to  this  Corollary  may  be  reduced  Mr.  tie  Mamnort*t  Pro- 
pofitaons  2d  and  5th. 

Cor.  3.  Alfo  a  Formula  bef&g  propofed accordiag  to  Caf..^.  Ccr.  r. 
ftill  more  com^unded,  it  may  be  perceived  from  Ihe  £mie  Prtndiples 
whether  the  Series  be  fiimmable.  Lei  there  be  Mvo  Arithmetical  Pro- 
greffions  I9  9,  5,  ^c.  2, 4, 6,  (^c.  the  hdmok^ous  Terms  of  wiiich  may 
he  denoted  oy  x  .and  s^  and  Ice  the  propofed  Fotmuhiof  the  Series  be 

-i.^.f:  ^  ^  "l".,??i^  1,,,.^  <Mr  {fm  i  writing  *+  1,  and  the  Fafton  of  the 
XXX+  zxtcxz^rz 

Denominator  being  reduced  intp  Order, )--~s^t£44^  Sup- 

XXX'^iXX+2XX+3 

pofe  this   Formuk  to  be  equal  to  the  Aggregate  of  the  Formula 

M  .   ■■  .^  "^  ■    ■  .iiy  of  Series  chat  soe  fummable  by  what  is 

^xy  +  a    ^^-ixxHh^ 

T  a  faid^ 
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faid  above,  that  (when  thefe  lafl:  Formulae  are  coHeftjed  iilto  one  Sum) 
it  may  be  ^ 


"  ~ ^»  or 

xycx  +  ixAf  +  2xaf+3 


3P  +  4P  +  a^x;f+P  +  ^xy*  ^^0x  +  yx' 


X  xx^  I  x  ^  +  2XX+3  xx:v-f-ixjv  +  2x;f  +  y 

Hencfi>CDihpaping  the  homoJogous  Terms,  thefe  Equations  arife, 
3  P  3x  «^  4>  +  2  ^=  iS,  P  +  ^=  >.  Whence  P  and  ^  being  eli- 
iDioated  by  juft  Analytical  Redu^ons,  there  will  arife  the  Equation 
2a— 3/8-4-y=o,  by  which  the  Relation  will  be  determined, 
which  iriuft  obtain  among  the  Coefficients  tf ,  fij,  y^  in  oi?der  that  tt^e  Se* 
ries  it^y  be  fumniable,  which  arifes  from  the  propofed  Formula 

^•^  0x  +  yx* 

■ ■  .    In  the  fame  Manner  if  the  Faftors  ot 


X  X  X^  lXX+2X^  +  3 

the  propdfed  Formula  of  the  Denominator  are  taken  out  of  three  Anth- 
meticai  Ptogreffions,  two  Equations  will  be  founds  by  which  the  Rela- 
tions rf  the  Coefficients  of  the  Numerator  will  be  determined^  in  order 
that  the  Series,  may  be  fumraabte.  Ift  there  are  four  Arithmetical  Pco- 
greffions,  the  Relation  of  the  Coefficients  will  be  determined  by  three* 
Equations.  And  fp  on.  And  in  fuch  Formulas,  in  order  that  the  Se- 
ries may  be  fummabie,  it  is  farther  to  be  obfenred  -,  firfl,  that  the  Di- 
menfions  of  the  Numerators  may  at  leaft  be  lefs  by  two  than  the  Di- 
menfions  of  the  Denominators  ;  likewife  that  out  of  each  of  the  Arith- 
metical Progreffions  be  taken  at  leaft  two  Fadors  of  the  Denominator. 
Laflly,  if  two  or  more  Fadim  of  the  Denominator  are  equal  to  each 
other,  it  mufl  be  fuppofed  that  fo  many  Arithmetical  Progreffions^  out- 
of  which  they  are  taken,  are  alfo  equal.  The  Premifes  being,  di]^ 
confider'd,  thefe  Things  will  be  evident.  Now  to  this  CoroU^  are 
eafily  reduced  the  third  and  fourth  Propofitions  of  M^.  de  Man- 
mmru 


XIX.  Pro^o- 
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XlX.  Prcpofitim.    To  find  a  Parabolical  Line,  which  ihall  pafs  TfcNcwtoni- 
diitHigh  the  Extremities  of  any  Number  of  cquidiftant  Ordinatcs.  ^m^H^'^^'^ 

A    Ai    Ai    A^    As    A6    Ay    A%    A^  j. stiruS.  n.' 

B    B2    B7    R4.    B5    B^    By    BH  362.  p.  1050. 

C    C  2    C  3    C4    C  s    C6    Cy  f^8-  33- 

D    D2    Z>j    D4    Ds    D6 
E    Ez    £3    £4    £5 
F   F2    £3    F4 
G    G2    Gi 
H    H2 
I 

Caf.  I.  Let  A^  A  2^  A 3^  Aj^  &fc.  denote  equidiftant  Ordinates" 
infifting.  upon  an  Abfcifs  in  a  given  Angle.  Coiled  their  Piffcrcnccs 
iJ,  5  2»  £  3,  J?  4>  ^c  and  the  Differences  of  thefc  C,  C  2,  C  3,  iSc.  and 
die  Differences  of  thefe  U,  D  2,  D  3,  tJV.  and  of  thefe  £,  £  2,  £  3,  &ff. 
andof  thefe  F^Fzy  F3,  &?r.  And  fo  on.  Now  the  Differences  muft 
be  coUeited  by  always  taking  the  former  from  the  latter.  That  is,,  ma- 
king BznAz  — A^  B2  =A3  —  yf2,  53  =  -^4— -^3,  54=:  Ag 
— -^4,  &?r.  ThenC  =  B2  — 5,  C2  =  5  3  — 5_2,  C3  ^£4  — 5  3, 
Gff.  Then  2)  =  C2  — C,  2J  2  =  C3  —  C  2,  D  ^  =  C  4  — G  3,  &ff. 
And  aD  the  following  Differences  muft  be  coUedted  in  the  fame  Manner. 
Or  let  «,  /?,  yy  A  t,  f, »,  fe?f.  be  equal  to  Ai  Az^  A  ^y  Aj^  A  ^^  A6y 
yfjy  fcff.  refpeftiveJy  •  then  A=:ay  B  =  /S  — «,. P  =  y  —  2'i8  +  ^  J5. 
=  -^— 3>  +  3*— ^  £  =  f  — 4yi-|-5y--"4iS+ tf,£=:^  — 5f 
+  10  il—  10  y  +  5/8  — «,  G*=  w  —  o(  +  ige  —  20  J^  +  JSiy—' 
£  18  -f  «,  (^c*    In  thiefe  Values  the  numeral  Coefficients  of  «,  0y  >»  A  <» 

fe?r.  arc  generated  as  in  the  integer  Powers  of  the  Binomial  1  —  ^\ 

1  —  zy,  1  —  z|  *3  I  —  ^%  I  — •;2^%  6ff.  by  writing  the  Numbers 

1,  2,  3.  4.  5^6?^-  in  the  Scries  i  x-l  x^^^Hl  x!^=llxl=i^  ^f^. 

"^  .        ^  1234 

inftcad  of  n  fticccffircly.  Now  let  P  ^  be  any  Ordinate  intermediate 
to  the  reft,  and  let  ^P  itaDiftance  from  the  firft  Ordinate  if  be  calledi 
r,  then  it  will  be 


Dx 
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Z      Z  —  12—2 

JPx--x  X     ■       ■  + 

123 

z      2  —  1     a  — 2      z  — 3 

12  3  4 

z     z — I      «  — 2     a  — 3  .2  —  4 

1         ^  3  .4  5 

z      2;—!     2  —  2     « — 3     2;  —  4     2  —  5 

J  2  3  4  5  6 

Here  the  Sgn  of  2  is  to  be  changed,  ivhenevcr  P  ^falls  on  the  other  Side 
of  the  firft  Drdmate,  sisp  q. 

Caf,  2.  Now  let  ^5  be  an  Ordinate  in  the  Middle  of  all ;  make  A  = 
^4  +  5  5,  S  =  D  3  +  Z>  4,  C= /^2  + /?3,  D  =£?+  ff  2,  &?tf.  and 
^  =  C4,*  =  £3,^=^2,  d:=zlj(^c,  that  is,  if  it  be  ^6  =:  «,  Ay 
-1  j8,  Jf  8  =  y,  Jf  9  =  /,  &c.  ^4  =  je,-/f3=A,  -^2  =  ^  Azs.  r,  &ff. 
Make  if  =«— *,  5=  ^  —  2  *+  2  »  —  a,  C=y  —4^  +  5*—  5  « 
+  4X—  iu,  DscTi— 6y4'i4i^"~~i4A4'i4«~-i4A-f^^-~>'9 
G?r.  tfairt —  2>f5'-{-ie,  i  =  ^— 4  «  +  6-^5  — 4*4'^  X  =c  y — 
6  /8  +  X5«— 20^5  +  15  X  —  6A  +  f*,  J  =  /— 8>-|- 28/8+^6*1 
4.7*0^5 — 56X+ 2Sa— 8ft+r,£?'^.  Andlct-^5pbe  called  x, 
ThenkVillbe 

AzJ^azz 

P%=^5+ Ar 

1.2  " 

^Bz^hzz,   zz-^i 


J. 2  3.4 

3€jB4t5e«    «2r— r     «»— 4 


I  .  2 


X + 

3-4         5-6 


j^Dz^dzz     zz-^i     ZZ' 

X'    ■  X*— 


.4    zx—p 

—  X  — —  ;^- 


1-2  3.4        5.6         y .^        - 

sEz-^ezz   zz—i    ZZ— 4    zic^^  zz*-^i€ 


3-4 


5.6        7.«        9-JO 
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Caf.  3.    Now  \stA/^  A^y  be  two  Ordinatos  b  the  -Nfiddle  of  all» 

•  ■         .         4  2  a    • 

£+£*.» efh  tfs  fl4,  *=  IT 3,  f  =  Fa,  i/=  /^ &?f.  Or  let ^  5  =5 «. 

a 

Then  it  W01  be  2^  =:•+«,  a^=:*  — •  — fc+ a,  aCzrj,— gjBH- 
2«  +  *<  — 3*-+/^  a2)=:/— 5y  +  9#— 5«— 4»+9x— 5 
^4.r,yf.  Andtfs:  «  —  «,*  =  if— 3«+  3  *  —  a,  r  =  >— .  5iJ-f- 
lo«— io«+ 5x— #»,  </  =  w»—  ;>-+  21  ^  — 35«+35»— ai*. 
^^fc— r,  6f<r.  And  let  O  be  the  middle  Foint  between /f  4,^  5>an(i 
let  0/^  be  called  z.  Then  the  Ordinatewill  be 

f^^ ^  + 

3^+^     42Z — I 

— X +      . 

4'               2-3 
sC-^-cz    4ZZ — I     4Z25— 9 
X X 1- 

4*  2-3  4-5 

jD-^-dz    4ZZ — I      4ZZ--9    4»2!— 35 

X— — —  X— ' X       ■     '     '    + 

4'  *-3  4-5  6.7 

9:^4>«z    4ZZ — I    4Z2 — 9  4ZZ — 25   4ZZ — ^49 


+  (^c. 


4*  2.3        4.5  ^'7  8.< 

Alfo  in  tbeie  two  Cafes  z  is  negative,  when  die  Ordinate  P  ^falls  on 
the  other  Side  of  the  Scanning  of  the  Abfcifi.  And  in  all  the  three 
Cafes  the  Common  Diftance  of  the  Ordinates  is  fuppofed  Unity. 

All  the  three  Cafes  are  very  eafily  demonftiated  by  Calcuhttion.    In 
tiie  firft  Qfe  for  P  ^  I  write  fucceffivcly  <,  /},  y^  ^y  dfc.  and  for  z  at  the 
,  ^  Time  o,  i,  2,-3,  4,.  &V.  which  are  the  Lengths  of  the  Abfcifs  fol- 
iswing  in  Order.    Thence  arifb  thefe  Equations, 

«=4i8=  >f-|^i?,y  =s>f  +  a  S  +  C, /= -rfH-3  5+ 3 C+ A  «=^ 

+  4B +6C+4D4-E.  fi^- 
fi—€=B,  y  —  0zzB^Cy  /—  y  =  ^+2C  +  D,   t  — /  =  B 

+  3C+3D  +  £,£sff. 

>-2iJ  +  *5sC,/  — a>  +  /lsBC  +  A«— 2^'Vy  =  C  +  «i> 

/— 
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/  —  3  >  +  3  3  —  *  =  A  t  —  3  J^  +  3  >  ~  iB  =  2>  +  £,  fi?r. 
«  — 4  /  +  6 >  —  4^ +«=  £,  £?^. 

Thefe  Equations  are  eafily  iiefolvcd,  by  uking  their  Differences,  as 
may  here  be  feen.-  And  they  give  us  the  fame  values  of  ^,  JB,  C,  A 
&/*.  as  are  before  fuf^ed  in  the  Sokidoa*  The  other  two  (Xes  ate  do: 
monftrated  after  the  lame  Manner. 

Every  one  of  thefe  three  Series  will  convci^  to  the  Valueof  the  Ordi- 
nate T^  when  the  Differences  of  the  given  Ordinates  arc  of  a  proper 
Magnitude.  But  when  they  do  not  converge,  other  £3q>edients  are  to  be 
try'd.  At  prefent  wje  (hail  add  a  few  Things  about  the  Uie  of  thi^Propo- 
fition. 

Let  *,  %  y^  j[.  f,  f ,  IT,  9,  IBc.  reprefent  any  equidiftant  Terms,  whofe 
Differences  are  very  fmall ;  and  let  the.  Relations  which  they  have  to  one 
another  be  nearly  reprefentcd  by  the  following  Equations,  which  arifeby  ' 
taking  the  Differences,  and  the  Differences  ofthe  Uifferences  cohtinuaily»  \ 
and  making  them  equal  to  nothing. 

n—  .8=0  •     ■ 

*— 3^+  3>  — «''=<> 
«— 4 /S  +  6>+ 4  /  +  f  =  o 

*— 5i8  +  io>— 10/+ 51— ^=0 

A-^S  R+  15^*^20 1/1  + 15  ft  —  6{-fir=o 

*— 7  5+2i>  — 35/+  35f  — 31  ^  +  7if~fts:o 

A— .8i8+^8>  — 56/4-701— 56^  +  28  w— 89  +  It  =:o 

*  —  S^+  i^y  —  84/+  126ft  — 126^  +  8411  —  36  9  +  9  K— A=o 

This  Table  muft  be  kept  for  Ufe,  to  be  confulted  when  Occafion  re- 
quires. Now  that  thefe  Equations  either  obtain  accurately,  or  approxi- 
mate to  the  Truth  when  the  Differences  of  the  Terms  are  fmafi,  may 
appear  from  the  Demonftration  of  the  Propofition  of  the  firft  Cafe. 

Let  any  Series  be  affumed,  t4ti  -p^,  t4t»  t4t,  t4t»  -riir*  ^c.  and 
let  the  Term  be  fought  which  ftands  the  next  before  t4t-    It  is  plain, 
this  is  t4c-  ;  let  us  fee  then  what  this  Method  will  make  it.     Let  «  de- 
'  jiote  the  Term  required,  then  it  will  be 
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tJt  =  i8  =  0099,0099,0099,0, 

T^T  =  >  =  0098,0392,1568,7, 

T^r  =  /=  0097,0873,7864,1, 
tJt  =  •  =  0096,1538,4615,4, 
tIt  =  C  =  0095,2380,9523,8, 
,4,  =:  *  =1  0094,3396,2264,2, 


2 

3 

4 

5 
6- 


'oo99,oo99»oo99,d 

1  .     60QQ,080<,862Q,^ 

0099,9994.3455*0 

>g»^««<  0099,9999,7824,8 

oo99,9999,9f895,8 

;;6o99,9999,9993,i 

TfaereTore  it  is  evident,  that  this  Method  continually  approximates.  If 
the  Differences  of  the  Terms  had  been  left,  the  Values  would  have  ap- 

Soached  fafter  to  the  Truth,  and  on  "the  other  Hand  flower,  if  thofe 
ifferences  fhould  be  greater.    Hence  if  a  Term  fhould  be  wanting  in 
Numeral  Tables,  it  may  be  interpolated  by  this  Method. 
Alfo  by  tlus  Method  come  form  the  voy  fanie  Algebraical  Scdfis  thcm- 

avcs,  that  are  ufed  to  arife  by  other  Metjiods.  Let  i  +  z^-'bepro* 
pofed  as  the  Ordinate  of  a  Curve  which  is  to  be  fquared.    It  is  the  4rft 

m  the  regular  Sdies  i  ^-  z  z^-',  i  rh. » A  '•  «-H'2«7",  i-i*a^*» 

i+«a\',  &r.  of  OrdiatNes,  all  wbtch, except  the  fiift  gh»  thett  Aieat 
z,  24-42%  z4.4z'  +  -^z',z  +  4-2'  +  4z'  +  -;.2%&r.  can« 
flicuting  a  new  Soies,  of  which  the  Brft  Term  ^Uiboitlie  Area  rfqitiiied. 
This  therefore  will  be  found  by  puttii^  «  to  reps^ktli  it»:  9tid.it  y,  /,  1^ 
&r/for  the  reft  in  their  Order.  The  firft.  Equation  |pve9  ^  9  ;<i ,: .  Th^ 
ikond  *=s  2 — -J.  Z* :  The  third  «=2  — _i.zL+  -J-  z»_j.  JThe  faaaih 
«s^  z  'T  T  9^+4  3'  '*--i  ?'  1  JUBTf^ fw d|B  left;  11Eerefor»the  Area 
ramircd  is  univerfaUy  «  —  4.2'  4t«'  — y  «'  +iT«' -r-  -rrJ?"*^ 
Which  Series  is  the  Arch  whofe  Tai^eoi:  is  z»  in  a  Circle  im  R^v»  <f 
tluch  is  Unity. ^  This  was  found  by  our  Mr.  Jet^Gry^^  a^d cvdk^. 
municated  to  Mr.  Collins  thcBeg^iuuog  of  the  Year  1671,  from  whoqii 
by  Means  of  Mr.  Oldaburg,  it  came  to  the  Hands  UMx.  IjH^^tZr  -  t 
;  Kow  let  (^c.e,  d,  c,  j,  d,  P,  «,  f^y,  /, «,  i^c.  he  a  $erie§  prpce^ng 
ixnii  Ways  in  infimttm,  where  aB  the  Tenns  ai«  ^ven  0ont  Pifi^ 
REddleofaD.  Make:<^=*  +  a,j5;^>  + ^Cfsi5+r,i)aBrf4,<^ 
fi  s'«  -^tyt^c.  and  it  will  be 


.1  V     ■  • 


.  J 


5wf^854-3C 


60 


Voim  IV. 


U 


7if 
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42^-— 96  B  + 81  C~-j2D+ 5jB 

+ 

1260 

€6  A—  165  B+  165C— 88D-|-25£  — 3F 

2772 


+ 


429  i^— 1 1445+1287  C— 832  D  +  325  £■— 72  ^4- 7  G 

+  Gfr. 

.    24024 

<      *  •  * 

This  Series  is  found  by  the  E<{otdons,  by  taking  thole  alternately  in 
which  the  Number  of  theTemis^is  odd.  For  their  Diflferenqes  will 
kave.the  Terms  in  this  Series,  which  therefore  may  be  produced  at 
Heafurc.  .  . 

.'  Let  I  +  zj"^*  be  die  Ordinate  of  an  Hyperbola,  and  let  its  Area  be 
fought,'  which  lies  above  the  Abfdfs  2,  when  that  bo:omes  Unity.    This 

Ordinate  is  die  Middlemoft  in  the  Series  of  Ordixutcs,  (^c.  i  -^-  35^—5, 
I^g>r4»  i  -t  4~3,  I  +  2)^,  X  +  aJ-s  1+2?%  i+afVi  +  ^S 

.1  -f  5KJ[V  &?f^  whidi  are  equidiftant,  and  proceed  both  Ways  in  injinitumn 
Tbeireihore  the  Areii^  gerrcrated  by  thefe  Ordinates  will  conftitute  a  like 
Seriiis,  ^hofe  middle  Term  will  be  the  Area  required^  which  therefore 
may  be  bbtahxfd  by  the  foregoing  Series.  When  2  is  Unity,  as  m  the 
prefent  Cafe,  the  Arias  of  the  Qirves  become  (Sc  to  -i^*  4^  4»  and  1, 
4,^y,&fr.  Hencc^=i+4,i?  =  4  +  ii=  T%C=i  +  ^  = 
V%  D  =  V  +  TT  =  V^S  6?r.  Thefe  being  fubftituted  in  the  Series^ 
/  or  the  Area  of  the  Hyperbola  coihes  out  \' —  ^  +  ^  —  tAtj>  ^^• 

that  is,  4 ±^JJL^J^^AR 5A,  tfr.  where  now  ^. 

•4-3    4-5     4-  7    4-  9      4-  "  -.^ 

5,  C,  A&r.  (after  Newtof^s  Manner)  denote  the  Terms  in  Order  from 
the  Be^^miog.    I  add  the  Calculation, 


TERMS. 
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7500,0000,0000)0000,0 

62,5000,0000,0000,0 

7440,4761,9047,6 

9^7»5586,9i30,8 

'»3390»4o86,i 

188,7745.5 
2,7085,0 

393*4- 
5*7 


0625,0000,0000,0000,9 

6,6964,2857,1428,5 

845,5086,5800,8 

11,3818^4731*9 

i585»7o^*»8 

22,5708,7 

3260,2 

47»S 
7 


•+■  7563.2539»39o0»7494»«      —0631,7821,3370,8041,1 

SubcradUng  the  negadre  Sum  from  the  affirmative,  I  have  for 
the  Area,  that  i^  for  the  Hyperbolic  Logarithm  of  2,  the  Kumber 
693i,47i8,o5«9,9453.  • 

The  Series  mat  follows  is  very  convenient  for  the  Conftra^on  of  any 
Numeral  Tables.  het,(^c.  e,  d,  c,  t,  a,  m,  0^  y,  At  t^  tSe.  denote  die  alta> 
oate  Terms  in  a  Series  proceeding  both  Ways  in  h^mtttm  %  put  if  s* 
+  tf,  £=:j8  +  ^,  C  =  ^  +  r,  Ds,A+dt  £s«  +  r, &f.  and  tl«B 
Term,  between  «  aiid  a  will  be 


A 

-  + 

2 

■I     A—B 

I            2  + 

1.3    tjl^sB-^-C 

X + 

1.2                 27 

1.3.5     £jt^gB^sC'^D 

1.2.3                    «'" 

■ 

.'•3'5«7     14-^  — a8il:4-aoC^ 

7X)  +  £ 

J;2.3.4                          !»• 

r                              -     * 

1-3 -5- 7-9     4aif— 90J5  +  75C- 

-35^  +  9^' 

— 1? 


«47 


1.2.3.4.5 


,•• 


Ua 


1*3 


"* ■ '• '• + 


This^rics  foUdWff  from  the  third  Citfe  of  C}be9ft]^ition,  by  making 
%  =  o.  The  ifutDtral  Coefficients  of  the  l^ettcfs  stvc  thus  produced  ^  for 
ExamjJltt,  in  the  fourth  Term  the  CoefSckBit  of  :the  iaft  Letter  but  one 
C  is  5  ;  'flM^  5  4- 1  =  ^9  wd  the  Nuabera  iriiich  arife  from  the  MuU 

tiplicatibn  of  the  Terms  i  x  —  x  !!JIllx  IHI  x  ?^I=J  x  ^^^, 

T  2  .1" 4:  5 

6?f.  wiU  be  i,  6,  15,  .20,  &?^.   The  Differences  of  thefe  5, 9,  5, 6?r,  are 
the  Kimibers'mitrrrca:-,  and  thertfoife  *^e*  Sciies  iixay*  be  Pioduced  at 

HaLving,given  the  Logarithnis  of  the  Numbefcs  461  48,  50,  Jti.  54^ 
^15,  58,  '€d,  *tD  find  the  tc^ariSim  'Of  thie  Number '^3,  i«^ch-isTii  thp 
mtfme  of  all.  ^W*e  V.  ^2  +7:  "54 12:  jf:^'$y  44*Jt  ypToi  ^4  ;  /.^o 
.jfif,56  =  B^>447i^r5«03'  i^?^-  'A4«  +-^-  ^  =r;=r ,3, 444^,^923^, 
75?  :  7/46  +^if/6o  =  ©  2=:  3,  4409,  •090«,  ^9.  Thtfe  Values  beii^ 
wrote  in  the  Series,  the  firft  four  Terms  wi\\-^r^-^iy^/(2i,2^€y^itt 
the  Logarithm  of  the  Number  53.  And  in  the  fame  Manner  any  other 
intermediate  Number  may  be  found. 

Therefore  in  the  Conftruftion  of  Tables  it  is  fufficient,  firft  to  fipd 
fome  Terms  at  due  Diftances,  for  the  reft  may  be  inferted  in  this  Man- 
ner. For  the  Terms  at  firft  found  are  to  be  continually  ^iatcrcalatG^, 
till  we  arrive  at  laft  at  thofe  that  are  defired.  By  this  Means  the  jdxoI&Ta- 
4^  will  be  had,  from  a  few  gi^en  Terms  at  firft  as  a  Foundation  for  the 
Work.  But  it  is  not  convenient  that  the  Terms  we  firft  feek  are  all  cqui- 
diftant  thro*  the  whole  Table  %  for  if  we  omit  thein^jtirumsj  ^crc  thtir 
Difference  is  the  greateft,  we  may  elfewhere  ffirfai^nm  emit  VHig^  riiree, 
twenty,  or  perhaps  more  Terms.  But  the  Number  of  ^rms  that  oie 
Ofhitted,  confifting  between  two  giyen  ones,  ought  always  to  be  one 
of  the  following,  i,  3,  7,  15,  31,  ^r^-^iHwt^#onld-idferteth4n*Wy^ 
tiiis  Series  5  for  this  by  no  Meiis  woiltd  be  aiiy  Hhidrance^TD^te 
Work.  -  .  t  .  r 

But  for  PraAice  the  Tesois  mavv  be  cplk^d  into  one  Sum,  as  you 
fee  done  in  this  Tahle.^  'T;he  tirff  Ekpreffioh'lS  ItHe'fiitt  Tenh-,  'tie-fe- 
cond  is  the  Som  of^  the  firft  andTecohd,i  the  thir^  is  the  Sum'oF  the 
firft^  fecond,  and  third ;  and  fo  on. 


i  J    ■        ■'..■■■  ■■:.,  ■  ■      .■,     -r 

e 


16 

It  I'll  III      »       ■• 

i225if —  445*  4-49  € — 5D 

1.1. .      *  III  '       '    j        wif  >ftPIP         I  ' 

2048 

1396^  A — 8820.B  +  .2268C— 305J!>  +  J5£ 

^T'bss  fooK  of  the  aitenutie  Terow  being  g^ven,  •the  inteanediate  91MP 
will  be  prdently  found  by.thefe  Exprel&Qiu,  witbouc  taki^  any  Noticp 
af . the  pwdcuUr -Mature  of  the  Tftbk.  FortbeieRule?  are  ^  fAPiein 
«il.  Tlie  Anas  of  Curves  sm  ceariy  equal  to  the  Agevi  ^  the  Par^Ur 
jcal'flraipe  «hkh  pafib  thcoagb  the  ^ttiemities  of  ,its  X>rdinates.  iBa( 
bccaufe  it  would  be  too  laborious  always  to  haye  Kteamk  to  thePaiVr 
Jlflla,  l,]wfcc9mwtfd  theibUowing  Table,  by  which .ti)e  Ad^  9*»fe^ 
hifatted  diredly  from  the  Ordinates  being  given. 


— ^^ 

7  J+  jiB-hiiC 


90 
41^+  21654-270+  2}eI7 


840    •■ 
9S9  ^+  58?8  5  -r  928  C+  40496  D  ?r-454Q  ^ 


fSdSyJt^  ib^^ooB— 4«525C+2Ti4<xd^=-26o556£+427368F 

59875* 


Best 


j^  7%e  NewtCHiian  Differential  Method. 

Here  the  Number  of  the  Ordinaces  is  odd,  ^  is  the  Sum  of  the  firft 
and  laft,  B  of  the  fecond  and  lail  but  one,  C  of  the  third  and  lad  but  two ; 
and  fo  on,  till  you  come  to  that  which  is  in  the  Middle  of  all,  which  is 
reprcfented  by  the  laft  Letter  in  every  Expreffion.  R  is  the  Baft,  or 'that 
Part  of  the  Abfcifs  which  is  intercepted  between  the  firft  ahd  the'kft 
Ordinate.  The  Expreflions  are  the  Areas  contained  between  the  Curve, 
the  Bafe,  and  the  extream  Ordinates  on  both  Sides.  I  have  not  added 
the  Table  for  Ordinates  that  are  even  in  Number;  becaufe  <  when  every 
Thin^  elfe  is  alike,  the  Area  is  defined  more  accurately  from-  an  odd 
Numoer  of  Ordinates. 
Let  the  Area  be  required  which  is  generated  by  the  Ordinate  t^z  a^-», 

and  lies  upon  the  Abfcifs  z  when  it  tjecomes  Unity.  In  i  -|-  2  ^"» 
for  z  write  A,  A,  -iV*  A,  A,  A,  A*  A,  Af  A^  44;  and  eleven Or- 
cunaies  win  anie  i,  -r5-T>  -ry*  -rvrt  -rr*  t»  tt»  -rrTf  tt>  -rm  t-     «cnce 

ji  — -    »      I        «   —.    3        D_»oo      I        too  __  a  t  ft  o  o      ir*  _^   *  S       I       »  S    -_    «  6  7  I 

•"—  l-T-T  —  T>   i*S3  TUT  -T"  TTT  —  I  ft  1  r»  ^  —  -ry  -i-  TT  «—  T»g^ 

lues  being  fubftituted  in  the  laft  Expreffion,  and  Unity  for  /?,  you  will 
find  the  Area  to  be  785398 187  5  which  Number  is  true  in  the  feventh 
Figure,  but  in  the  eighth  it  is  too  much  by  2. 

^  If  eleven  Ordinates  do  not  give  the  Area  to  fuificient  Exa&nefs,  you 
muft  ered  more ;  and  conceive  the  Area  to  be  divided  into  more  Parts ; 
then  feekmg  every  one  feparately,  you  may  have  the  Whole  to  what 
Degree  of  Truth  you  pleafe. 

The  Value  of  1  +  ^  may  be  exprefs'd  by  any  one  of  the  three  fol- 
lowing Series, 

n  -.    t 

I 

n       »— I 
^*x  — X + 

IS 

n      »— I      *—  2 

^3X— X— X— — + 

«         a  3 


1 


n      »— I       »  — 2      »  — 3      »""4 

»         a  3  ♦ 5—    ■  ^ 

•  Or 


i 


OriT^'=i+  .:  !..' 

n      »•{-  t 

S*  X-!-  X,— r — r+        '         .         . 

1^}  X  —  X  —  X  — —  + 

»     »+'I     J»+*     »+g 

H*  X  —  X X ■  x--= 4" 

1  2  ^  '      4 

»       »+i       »+2       »+^     »4-4 

2^5x  — xi x-t '^ X  — +««' 

1  z  3  4.  5 

'+^  ;     ' 

Here  you  muft  make =  R* 


tsi 


^ 


Ori  +  ^s=i  + 


x^x— — -f- 

I  .  2 


4  +  »+Tx 

'II        " 


'X^X— —  xr— —  + 
1.2        3.4 


■  x^x— — X-  -x.—  '     ,  -^ 

j+^j  J"'*      3-4        5-^ 

8-t-»4-4X^              »       »»— 1    »»— 4    »»  — 9 
. r— x^.x^ -x X -X 1 


Til* 


1.2       3.4        5.6        7.8 


io4-ii  +  5x^  »     »»— I  »»— 4  »^«  —  9  »» — 15 

- — — — x^  X  -T— X  '  X rx X — 

I  ^-  ^s  ".  I  .  2     3.4      5  •  6       7  •  ^     9  •  i-> 

+  tfc. 


The  two  firft  Scries  are  demooftrated  bjCaf.  i.  ofj^e^c 
For  if  7+^%  r+T^S  r+T^S  T+^\  T^+i\  ^^'  d«ote 
fo  many  equidiftantOrdinates  in  the  Parabolical  Eiguie  ^  ^^  ^^  i+^ 

be  an  Ordinate  erf*  the  fame,  whofc  Diftance  from  i-H^*  will  be  n.  And 
fo  comes  forth  the  firft  Series.    But  if  in  another  Parabola  the  equidiftant 

Ordinates  arc  r+T^S  i  H-  ^-\  i?  I  i^-V^H-^^S  i+^^» 

&r.  then  will  i  +  ^'  be  an  Ordinate  in  thf  fame,  (he  Diftance  of  which 

from    i^T^*  will  be  — »,     So  ^11  *e  fAond-  Scries  come  forth- 

Now  in  a  third  Parabola  1^  (^i.  i  +  ^-^^  i  ^  ^-^,  i  +  ^H* 

I  +  ^~%T+^%  T+:^>  TTll  r+^S  6fr.  be 

a  Series  of  equidiftant  wdinatcs  pToCecdiAg  both  Ways  in  infinitum^  and 

in  the  fame  the  Ordinate  T+^'  will  be  removed  Ifrom  the  middle 

TcrmTT^''  at  the  Piftance  n.  And  thus  the  third  Scries  will  come 
forth  by  me  Sccond'Cffc  of  ^^^^  Proppfition:  The  firft  breaks  off  when 
n  is  an'  integer  affirmative  Number ;  fhe  fecond  When  »  is  integer  and 
negative  j  ^d  the  third  breaks  <M  in  either  Gifc.  The  third  converges 
tnuch  faftcr  than  either  of  the  other  j  its  fecond  Term  may  be  ufed  as 
a  Corre&ion,  when  an  Extraftion  a  to  be  perfprna'd.by  ^b6jEUpet|c|on 
of  the  Calculus.  By  any  of  thefe  the  Roots  of  Numbers  may  conveni- 
ently be  reduced  to  Series. 

Dr.  Halley  in  his  Method  of  conftruding  the  Log^tbms^  from  -  Ae 
firft  of  thefe  Series  demonftrates  Mercator's  Series  for  the.  Quadrature  of 

the  Hyperbola.  Let  its  Ordinate  be^i  +^-^  or  i""^^**-^,  n  being 
here  an  infinitely  fmall  Number.  Wljence  by  the'MetWdlotQuadraturcsi 
the  Area  which  lies  above  the  Abfcifs  z,  that  is,  the  Logarithm  of  the 

Number  i  +  z,  will.be     ^    '    ,,,    Bugby  thefirff Scries 'tisT+z ■ 


s  I  H zi X z"  +  —  X X— — iz^fcfr.  And 

t 
therefore  in  the  pfetent  CaJc;  m  which  h  4S  mfinitdy  finall,  it  will  be 


'Which\)euig  fubftituted  In  tHe'V'alue  of  the  Area,  it  becomes  2  —  4  s* 
+  4  2*  .^  4  2^  If  4  z*,  &t.  which  is  Mercater's  Series. 
In  like  Manner  by  the  fecond  Series  this  Ruk  comes  foctk    Let  the 

^vcn Number  i  -Hz  ^  mzktRsz    ■    .    »  and  its  Lo^thm  will  be 


By  the  third  Series  cofOtt.  out  this  RylA    Lit  12  be  «f  Numbtri 

makc«K-^— ^  >  and  its  Logarithm  will  be,,  ^.rr.  ^■  — 4.^^  -~ 
a  il  2  ic 

•5%^4.Cz— .^Dz  — A£«,y^.  where  J,  B,  C,  D,  6?r.  after 
l^t0f^  Method,  dicnotc  the  Terms  of  the  Series  in  Order.  This  Se- 
ries, as  well  as  that  from  whence  it  is  deduced,  approximates  much  fiUier 
titan  the  o^er  two,  and  is  exprefs'd  mudi  more  generally  than  that 
which  we  gave  bdfore,  from  a  Foundation  not  unlike  this,  for  finding 
the  Logarithm  of  the  Number  2. 

A  Mitbcd  f$r  finUi^  tbi  Values  cf  JritbmeHcd  Seriis^  ibat  cmverge 
ttever  fo  Jlowlj. 
In  fonie  Scrries  the  Sum  of  the  Terms  cannot  be  had»  except  to  a  very 
few  Places  of  Figures ;  till  fome  other  Artifice  is  made  Ufe  of,  more 
than  their  meer  Addition.  Now  let  any  Series  be  propoled,  all  whofe 
Terms  are  afieAed  widi  the  fimie  Signs,  and  whofe  neareft  Terms  conti- 
nually tend  to  Equality*  Such  are  the  following  — ! — ^  — I — 4-.>  }  ■  ■ 

1.2       J  *  4      5.6 

J^JL^^  &c.  i^i  +  i^^J^^^^c.  CoUea  the  Sum  of  fonie 

7.8 

of  the  Terms  from  the  Beginnings  and  let  thofe  that  are  next  to  be 
added  be  u,^  0^  7,  /, «,  t^c.     In  Numbers  near  the  Truthi    let  r  as 

,     *>~^^..  ■  ,  andoftheQtfantities*y  t+SJ.T+ix  ^-±^, 

X  ■     v>  ^^*  let  the  Difiercnces  be  a^  *,  f,  d^  e^i^c.    Then  in  the 

ncarcft  Numbers  let  s  =     J^^'—hb      ^  ^  j  ^^  ^^^  Quantities  a  yt 

ab  '^%aC'\'bc  ^ 

6?<.tettfteDiflfcreiice$be-^,  J?,  Q  A  6?<.  and  !<»  /  sa-.y  ^"J;?  ^  .». 
"^rUJ^^A  ^^  "im^':..  Then  wUl  *  +  ^  +  y  +  ;i  +  .  ^* 


154:  ^  Newtonkm  Difftremial  Method, ' 

(,{^^!s*id2:i?+«xl±i^  +  ^x^^;+l|,&?f.    And  there  wi* 

leldom  be  Occafion  to  proceed  beyond  the  two  firfl:  Terms  of  this  new 
Series. 

As  if  the  Value  of  this  Scries  were  defired^  ~ —  4.  —1-  4-  — '  ..  + 

1.2       3.4       S.6 

— I — ,  (^c.  colleft  the  firft  21  Terms,  the  Sum  of  which  I  find  to  be 

,6813,8410,  1885.    ThcTermsnexttobcaddedarc«6  =  ,  000^5,2854^ 
1226,  »  =  ,  0004,  8309^  1787,  y  =  ,0004, 4326,  241 1,  ^n  =  ,0004, 

0816, 3265,  &c.    Hence  it  is  that  r  =:  i,  nearly,  and  «  x— lUt  =  , 

01 1 7,  6449,  ^282,  tf  =  — , 0000,  001 7,  5096,   ^  =  —  ,  ooooy  00'i'4, 
7410,  r  =  — ,  oooo>  0012, 4986,  £5?r.    Whence  ^  =  -J-  nearly,  and  ax 

li — -  =•—>  0000,0141,  8  III,  which  becaufe  of  the  negative  Sign  I 

fubtraft  from «  x  *"*"     ,  and  there  reoiains  ,0117,  6307,  8 171  >  this 

being  added  to  the  Sum  before  found,.  ,68ij,  8410,  r885,  gives 
the  Number  ,  6931, 4718,  0056  for  die  Sum  of  the  whole  Series;  which 
is  true  in  the  ninth  Decimal.  But  before  thefe  two  Correftions,  the  Sum 
was  true  in  the  firfl:  Figure  only.  If  you  have  a  Mind  to  come  nearer  . 
tHe  Mark,  you  may  proceed  to  the  following  Approximations.  If  the 
Terms  of  the  Series  have  difierent  Signs,  they  are  to  be  fo  join'd,  that 
all  may  have  the  lame.    Thus  in  the  Series  i  —  t  +  4  —  T  +  -9?  &^- 

by  colle£tine  the  Terms  by  two  and  two,^  it  becomes—^  +  — j- 

— ^ — { ^ — ,  tSc.    duthere  it  is  to  be  noted,  that  the  Differences 

9..H     13.15 

tf,  hj  Cy  dy  f,  &r.  as  alfo  4>  B^  C,  D,  &fr.  muft  be  coUeAed  by  fubtra£ting 
the  antecedoit  Quantities  from  the  fubfequent.    And  in  all  this  Kind  oF 
Series,  if  ^,  j,  r,  repreient  three  Terms  following  one  another  in  Or- 
der, p  the  firff,  q  the  fccond,  and  r  the  third ;  and  the  ReOangle AlLf  x  ; 

2 

is  not  greater  than  p  r,  the  Value  of  the  Series  will  be  infinitely  great  : 
But  it  will  always  be  finite  when  the  contrary  happens.    Thi»  Rule  may^ 

fome- 
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fomedme  fail,  when  the  Terms  /,  f ,  and  r  are  but  little  diftant  from  the 
B^iuuc^  of  the  Series}  but  if  they  are  inch  Terms  as  are  pretty  remote 
&om  the  Beginningi  the  Rule  then  becomes  very  Ikfe  and  fure. 

To  other  Kinds  of  Series  other  Rules  muft  be  apply'd.  Let  there  be 
a  Series  of  Regular  Polygons  infcribed  in  a  Ciicfe,  the  Radius  bdng 
Unity)  as 

Ha  2,0000,0000*0000,000       4 

G  a  ■3*8284,2712,4746,190       8 

F  =5  3,0614,6745,8920,718      16 

£=3,1214^^515,2258,051      32 

D=  3,1365,4849,0545,938      64 

€=3,1403,3115,6954,752    128 

J»=  3,1412,7725,0932,772    256 

A=.  3,1415,1380,1144,299    512 

Now  kt  the  laft  Polygon  be  called  y/,  the  laft  but  one  ^,  the  laft  but 
two  C,  and  the  reft  in  uieir  Order,  but  backwards,  2),  £,  F,  &c.  and  the 

-  -         ^—5        4^— 55+C 

Area  of  the  Circle  required  vnlll  be  /f  -f  ■         •^- ^ 

3  3*'S 

64 /f— 845+21 C—D     4096^— 5440  5+1428  C— 85  JD  +  £ 

. 1 : 

3  •  15  •  ^3  3 '^5 '^3 '^55 

fSc.  where  if  for  Jy  By  C,  D,  £,  fcf  r.  are  wrote  their  proper  Values^  the 
firll  four  Terms  will  give  the  Area  of  the  Circle  g,  141 59  92 65^  3580, 
790.  Now  this  Series  is  general,  and  does  not  at  all  depend  oil  the 
Nature  of  the  Circle.  It  is  applicable  whenever  the  former  Difi^tnces 
d*  the  approximating  Numbers  are  as  it  were  quadruple  of  the  latter. 
The  Fadors  in  the  Denominators  are  the  integral  Powers  of  the  Num- 
ber 4  diminiihM  by  an  Unit.  Which  being  had,  the  Coefficients  of  the 
Letters  in  the  different  Terms  are  form'd  by  the  continual  Multiplica- 
tion of  the  Numbers  lyJL,  1=J,  !L=!5,  1=^,  e?r.  where  the 

3        »5  63  15s 

|afk  of  the  Fa£lors  of  the  Denominators  muft  be  fubftituted  for  n. 

248 
The  laft  of  the  Quantities  ;i?—  1,  21/x  —  2,  4^^  —  4j8  • ;(?  — 85 

16 
16  i/  M -^  i6y  (^c.  is  equal  to  the  Logarithm  of  the  Number  x.    For 
X  write  2,  and  by  a  repeated  £xtra6don  of  the  Square  Root,  the  follow-  - 
ine  Numbers  will  arife. 
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'■    ^=  I,0000»OOQO>OOQO,OQGiO»    ./ 

1.=:  8a84,47i2,474ii»i90i»  ' 

/  ss.  7568,2£64,ooid,8843, 

Hs  724o»6i86,s322,oi6i3*> 

.&s  708^^51^8^36,6244, 

F  =  7oo7,o«75,693i,7337, 

£=?  69^i43«V73o8>2j4» .    . 

£>=3  6ft5Q.?>34.li438,76ii> 

C  =?  694<h864|,?85i»8s^3>- 

JJ  =^  69j6,ii$58,4759i40«.4»:;  •" 

.     ;  >      •••'        ■,••.•    -.1  vJ 

Let  the  laft  of  thQ  Nu»ii)eBB. l!)p,<»)tet«^  il^e^l^ftiwf.onc  5,  and  fo  o» 

backyrard?}  and  the.lLi^idMn  rcq\iii)cd  wiU  be  A-\-r,^^  -^r-. — "~^    T  ■■ 
8/f— i4i?"h7C— J   .  64^—  120 >g  +  70  C-^  15D4  £^^ 

The  firft  five  Terms  will  give  6931,4718,  0559,  9457  for  the  Hyper- 
polic  Logarithm  of  the  Number  2*  And  how  tius  Series  proceeds  in  in^ 
fmtum  is  eafiiy  infer'd  from  what  we  have  faid  of  die  former.  It  is  aifa 
univerfsdj'iiaving  no  Regard  to  the  particuhu*  Ptoperties  of  die  Hjrper- 
bola. 

Alfo  this  Differential  Method  may  be  ext^i^ded  to  the  Refolutlon  of 

Equations^  arid  tg  many  other  Speculations  which  we  ibrbear  to  men- 

^00  here.    And,  it  contains  the  moft  eenerai  Foundations  of  Series,  as 

perhaps  I  may  tfiew  in  a  ihort  Time,  by  applying  it  to  the  Redut^on 

of  Irrationd  Equations,  as  alio.  Fluxional  Equations. 

JQimralMt-     XX.  F.or  thc  Ptrfe6tion  of  this  mofl;  ufeful  Pirt  of  Aririimetick,  this 

'j^^^j^*^only'fcem.s  to  be  wanting,  the  Difcov^ry  of  fome  General  Method  f^ 

ly  ^r,  y     finding  all  the  Logarithtnical  Series.    N6w  iuch  is* tbis'that  folfowis;  being 

^>^ajg,  n.  328.  cafy  and  genuine,  a^  being  derived  frqjn  the  veryNature  of  the  Logarithms. 

P-  19'*  By  thc  Letter  I  prefix^  to  ^s^f  Number  is  denoted  (ofr  is  conKnoaly 

known)  the  Logarithm  of  that  Number:     Now  becaufe  the  Logarithm 

of  any  Number  prcpofed  may  be  fcuf nd.  ia  two  Mapnei^  therefore  we 

Ihall  cohftitute  two  Parts  of  this  Logarithmotechny .     In  the  firft  we  de- 

(Juce  ictimediately^  the  Logaritiui}  frqm  the  Number.     lo  t.h|5  latter,  we 

denve  the  Loganthm  of  the  propoled  Number  from  the  known  Loga^- 

r^^bms  of  fome  antecedent  Numbei^  .     . 

Parti.  Let  a  -H'l  beany  Number  propofed;  and  ^^  its  Logarithm 

,10  be  found.    Now  by  the  Hypothefis  xzzlI  .a^  1^  which  Eqiiat^ 
may  be  caliM  a  general  Canon,     (i.)  I/!t  there  be  an  Equation  among 
Terms  any  how  compofed  of  a  and\y,  with  any  other  Numbers,  com- 
bined 
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bite^  m  ttff  Mmmt  b]F  Additidii,  SuhtraAiAn,  Multiplication,  DiT^on, 
^  £9dMi6iaii  of  Rootf.  {%.)  Bjr  the  Help  of  the  Equation  fo  aflumed 
at  Pieafure,  let  a  be  exterminated  out  of  the  general  Canon,  and  an 
EquaiSfcm  wiU^bt  faMi  expieffing  the  Rdation  between  the  indeeerminate 
Qyantities  sc  mdy.  (3.)  By  BemmtllPs  Rule  let  the  Differential  of  this 
Equation  be  fou^,  [or  its  FKneion,}  and  by  knoiVn  Methods  let  the  In- 
tegttd  Jot  Fhncnt]  *  of  this  be  found,  exprefc*d  by  an  infinite  Series. 
Tms  iml  girdle  Value  of  thedLogaiithm  x  required. 
JSxmt^  I.    Let  it  be  a0uibed  azsyi  then  by  the  general  Canon 

*  =  /.  I  ■+  y,'  wliofc  Fluxion  is  x  =  ■■^■.'..  And  the  Fluent  of  tliis 
exprefs'd  by  aituifimte  Series- is  *  =»  —  iy^'  +  tJ''  —  tJ**  +  t^'  — 
SiitmA  a.  AffiMie  y  sr  .  *  •.  y  whence  «  >f  s  s  "^<  t.anri there- 
fore  by  the  genfii|  Gmon  x^l..  \t/.  ^  the  Fluxion  of  which  is  x  =r 
— ^9  and  the  Fluent  ofthis  exprcTs'd  by  a  Series  is  x  =  2  into  y  +  4. 

jr'  ^^  ^y^  +  ^jr%  6?^.  Where  the  Number  z  prefixed  muft  be  mul- 
tiply*d  into  all  the  Terms  of  the  Series.  Nor  is  there  Occafion  to  add 
BBwe  Exannples  h^re^  fince  from  h^nce  it  araears,  how  innumerable 
Logantiin»ira]  Series  may  be  found,  which^  ^nniout  any  Refpeft  to  the 
Lo^prithms  qf  other  Numbers^  exhibit  the  Logarithm  of  the  Number 
propofed    ^E^T. 

Ltm.  I.    Let  z  be  the  Lc^arithm  of  any  Fraftion ,  x  the  Lo* 

a  -|-  I 

garithm  of  the  Oenominatoi  tf  -J-  i  j  then  will  I  .h  —  z-zz.x.    Orif« 

is  the  Logarithm  of  the  FraaionlrtJ,  it  will  be  / .  h^z  =x. 

»  ,    ^ .  ^      •.. 

Lfm.'T..  2>/rbc  Ae  E^spbtiefit'^of  any  Power  of  the  Number  S-^  then 
wiU7.  ^*  =  ^  X  / .  b.  Therefore  the  Logarithm  of  the  Number  b%  and 
the  -ExpaneHlt  /^being  given,  the  I^ogarithm  of  b  wilj  ^fof  be  given.  Both 
theft  Lemmata  ate  plain  from  the  Nature  of  Logarithms. 

Pari  2.  Let  tf  +  i  be  the  Number,  as  before,  whofe  Logarithm  is  to^ 
be  found,  and  let  ^*  be  a  Number  produced  by  the  Multiplication  of 
Numljers^  the  grcatcft  of  which  is  .kfs  than-tf  -|-  i.    And  let.  «  be  the 

Logarithm  of  the  Fra<aion -,,  that  is,.z  =  / i— .    And  let  diis 

*H-.i  tf  +  I 

Equation  be  called  the  gcnenil  Canon.    Then  (i.)  for  b  let  there  be  uken^ 

^^    ■ 
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a  Quantity  any  how  compoled  of  j,  and  any  determinate  Numbers,  and 
let  this  Value  of  the  Number  b^  ib  taken  at  rkafiire,  be  fUiftkiited  in  the 

Fraftion   ,  whence  it  will  be  exprefs'd  by  a  and  ^ven  K^Q)bers. 

tf  +  I 

(2.)  Let  there  be  any  Eqfuation  between  jr  and  ^  with  Numbers  taken 
at  Pleafure ;  and  by  the  Help  of  this  let  0  be  exterminatjed  out  of  the 
general  Canon  *,  whence  an  Equadoa  i^ill  be  had,  expreifing  the  Rela- 
tion between  the  Indeterminates  x  and  j.  (3.)  By  Benumtu*s  Rule  let 
the  Fluxion  of  this  Equation  be  found,  and  then  by  known  Methods  find 
the  Fluent  of  this  exprefs'd  by  an  infinite  Series^  which  wiU|^  the  Lo- 
garithm z  of  the  Fraction ^    And  when  z  is  founds  the  Logarithm 

X  =  /.^— 2  of  the  propofcd  Number  ^  +  1  will  be  had  byLm.  i.  For 
by  Hypothefis  b*  is  produced  by  the  Multiplication  of  Numbca:s,  the 
greateft  of  which  is  lefs  than  tf  +1  ;  and  by-Hypothefis  the  Logarithms 
of  all  Numbers  are  known,  which  are  lefs  than  the  proposed  Number 
tf  -f.  I .  Therefore  alfo  the  Logarithm  of  the  Number  which  is  the  Pro- 
dud  of  all,  or  b""  ^  and  dierefore  ( by  Lem.  2.)  the  Logarithm  of  b 
will  be  given. 

Example  1.  Affume  if  you  pleafe  *  =tf,  whence  z^l .  — Then 

(by  Art.  2.)  tjdce  ad  libitum  jr  s=  2  ^  -fu  i,  by  which  let  4  be  extermi- 
nated, and  it  will  be  z  =/  * -^^',  whofe  Fluxion  is  is  2 ss-l^! —  The 

Fluent  of  this,  exprefsM  by  a  Scries,  is  or  =  —  2  Into— +-JL-.  j#— L- 

H — ^,  Cffr.  whence  byLm.  i. 

Jf 

y     3y'     sy'     if^sy' 


Example  2.    Make^  =:  ^/^a  -f-  2  tf,  whence  as  =  /.  ^.  ^^-f  ^  ^ 

a  +  I 

Take  alfo  at  Pleafure^  =  irii  4-  2 1),  whence  z  =  /.JLi/j^j^— .4,  of 

which  the  Fluxion  is  i=:  4jJ  xj>'  —  4jA~S  and  the  Fluent  of  this  is 
2  =  —  2  into  JL4*^L^+  -l—^.  .i_,  tS(.  whence  by  Lem.  i. 

y     ^y^     3y     4y 


y^     ^y^    3y'    Ay'   sy 


E9campU  ^. 
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Exampb  3.  Make  i  =  i/'a a +20^  as  in  the  fortgou^,  but  aow  »!• 
fume  jr  J  =  2tfa-|»4ii-f*  i;  if  by  thcfc  two  Equations  are  cxtcrmi  • 

natted  A  and  41  out  of  the  general  Canmi,  it  will  be  z  =/ .  ^  ^  ^  ~  % 

of  which  the  Fluxion  is  2=  ^yyxy^  —  0-%    of  which  the  Fluent 
exprefs'd  by  a  Series  is  2  =:  —JL  —  -i_  ^ L_  _.      '      .  W^ 


Therefore  by  Lem.  i.  x  =s  /  .  A  +  ^ 


.9J^'' 


But  it  muft  be  obferved,  that  the  Number  2  prefixed  in  the  Series  of 
the  firft  and  fccond  Examples,  is  fuppofed  to  be  multiply*d  into-  all  the 
Terms  of  the  following  Series.  And  that  like  Scries  may  be  derived  from 

2  =  / .  ^ ^'^  i**  die  fame  Manner  ;  but  then xz^l.  k+  Zy  z^ appears 

from  the  fecond  Part  of  the  firit  Lemma.  Therefore  from  hence  it  ap* 
pears  very  plain,  that  the  Logarithmotcchny  now  explained  is  very  eafy 
and  genuine,  and  fo  general,  that  by  thefe  two  Ways  innumerable  Series 
may  be  found,  exhibiting  the  Logarithm  of  any  Number  propofed.  For 
we  may  aflume  innumerable  Kquations  at  Pleafure,  exprcffing  the  Re- 
lation between  jf  and  ^,  every  one  of  which  will  give  us  a  new  Logarith- 
mic Series.  Yet  Care  fhould  be  taken  that  fuch  Equations  may  be  af- 
fumed,  that  (ball  caufe  the  Terms  to  convergit  as  fall:  as  may  be,  fo  that 
the  Logarithm  may  be  found  with  the  lead  Trouble  poflible.  To  per- 
form this,  the  Series  exhibited  in  the  laft  Examble  will  be  very  proper, 
which  is  the  fame  as  that  given  by  the  learned  Dr.  Halleyy  the  firft  In- 
venter  of  it,  in  his  very  elegant  Method  of  conftruding  the  Logarithms. 

Here  by  the  Wav  I  defire  the  Reader  to  take  Notice,  that  the  Curve, 
which  is  derived  from  our  Analyfis  of  the  Problem,  concerning  the 
Length  of  Curve^LineSy  publiflied  in  the  Philofbphical  Tranfa£tions  for 
the  Year  1708,  is  the  fame  with  that  propofed.  As  I  was  wholly  in- 
tent about  the  Analyfis,  I  took  no  Nodce  of  the  Coincidence  or  the 
Curve  propofed  with  that  which  was  found,  till  the  learned  D.  Jo. 
BemoulS  informed  me  of  it,  in  his  Letter  to  1^fr.  ^0.  Bumetty  F.  R.  S. 
By  which  alfo  that  learned  Man  was  pleafed  fully  to  fatisfy  all  my  Ob- 
jedions  againft  his  Creeping  Motion ;  as  I  now  readily  own,  out  of  that 
pure  Love  which  I  bear  to  Truth. 

XXI.  Log. 
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Log.    JSfat.  Num. 


0,9 

0,8 

0,6 

0,4 

0,2 
0,1 


0,09 
0,08 
0,07 
0,06 
0,05 
0,04 
0,03 
0,02 
0,01 


0,009 
0,008 
0,007 
0,006 
0,005 
0,004 
.0,003 
0,002 
10,001 


0,0009 
OjOooS 
0,0007 


,0005 


7,943282347 

6.30957344s 
5,011872336 

31981071706 

3,162277660 

2,511886432 

1,995262315 

1,584893193 

1,258925412 

1,23026877 

1,202264435 

^174897555 
1,148153621 

1,122018454 

1,096478196 

1,071519305 

1,047128548 

1,023292992 


1,020939484 
1,018591388 
1,016248694 
1,013911386 
1,011579454 
1,009252886 
1,006931669 
1,004615794 
1,002305238 


1,002074475 
1,001843766 
1,001613109 


0,0006  1,001382506 


1,001151956 


Q;aoo4  1,0000214  CO 
oi)(fe^i,$o.o89Xdi5 

,\1    ^t>f 'L:-i     ^dJHj    ^ 

>cg>>9gplfe>9fl9g>3 


tffg. 


Nat.  Num. 


0,00009 
o,ooocj8 
o,pooo7 
0,00006 
0,00005 
0,00004 
0,06003 
0,00002 
0,00001 


0,000009 
0,000008 
0,000007 
D,ooooo6 
0,000005 
0,000004 
0,000003 
0,000002 
0,000001 


0,0000009 
0,0000008 
0,0000007 
0,0000006 
0,0000005 
0,0000004 
0,0000003 
0,0000002 
0,0000001 


0,00000009 
0,00000008 


OjOOO^vv 


1,000207254 
1,000184224 
1,000161194 
11000138165 
1,000115136 
1,000092106 
1,000069080 
1,000046053 
1,000023026 


1,000020724 
1,000018421 
1,000016118 
1,000013816 
1,000011513 
1,000009210 
1,000006908 
1,000004605 
1,000002302 


1,000002072 

1,000001842 

1,000001611. 

1,000001381 

1,000001151 

1,000000921 

1,000000690 

1,000000460 

1,000000230 


1,000000207 
1,000000184 


0,00000007  1,000000161 
0,00000006 
0,00000005 
0,00000004 


1,000000138 
1,000000115 
1,000000692 
I  000000069 


1:jiT  0:  i-^d  I 
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This  TaUe  is  what  I  ibmcdmes  make  Ufe  of  for  findii^  the  Log*' 
rithm  of  any  Number  propc^ed^  and  vke  versMj  for  finding  die  Num- 
ber correfpondii^  to  a  U^arithm  given.  For  Inftance  :  Suppofe  I 
had  Occation  to  find  the  Logarithm  of  2000,  I  look  in  the  fifflr 
Clafs  of  my  Table,  (the  whole  TaWe  confifts  of  8  Claflcs)  for  the 
next  hfs  to  2^  which  is  1.295262315,  and  i^nft  it  is  j,  which 
tonfequently  is  the  firft  Figure  of  the  Legariihm  fought.  Again,  di-^ 
vidii^  the  Number  propofcd  2,  by  i  •9952623 15>  the  Number  found 
in  theTaWe,  the  Qudtient  is  1.002374467  ;  wUch  being  lookM  foif 
in  the  (econd  Clafs  of  the  Table,  and  finding  neifher  its  equal,  nor  m 
le0er,  I  add  o  to  the  Part  of  the  Logarithm  before  found,  and  look 
for  the  faid  Quotient  1.002374467  in  the  third  Oafs,  whore  the  next 
lefs  is  1.002^5238,  and  againft  it  is  i,  to  be  added  to  the  P^rt  of  die 
Logarithm  alreadv  found  5  and  dividing  the  Quotient  i.oo2374467f 
by  1.002  3052  3  8<  laft  found  in  the  Table,  the  Quotient  is  1.000069070^ 
which  being  fought  in  the  fourth  Clafs  eilres  o,  but  beii^  fou^  in 
die  fifth  Ckfs  gives  2,  to  be  added  to  lite  Part  of  the  Logarithm  al« 
ready  found  i  and  dividing  the  laft  Quotient  by  the  Number  laft 
fbond  in  the  Table^  viz.  1.000046053^  the  Quotient  is  1.00002  30 159 
which  being  fought  in  the  fixth  Clafs,  gives  9  to  the  Part  of  the  Lo- 
garithm already  found  :  and  dividing  the  hft  Quotient  by  the  new 
Divifor,  viz.  1.000002072,  the  Quotient  it  1.0000002 19,  which  being 
greater  than  1.000000115^  fhews  that  the  Lbgaridim  already  found, 
viz.  3.3010 'QQ  is  lefs  than  the  Truth  by  more  than  half  an  Unit  % 
wherefore  adkfing  i,  you  have  Briggf^  Logarithm  of  ^tooo,  viz* 
3.3^10300. 

If  any  Logarithm  be  given,  fuppofe  3.3010300,' throw  away  the 
CharaSeriftic,  then  over-againft  thefe  Figures  3...0..  i...o..3..6,.o, 

you  have  in  their  rdpeftive Clafles  1 .995^623 15 o.  —  i .002305238^ 

o 1.000069080. ...0...0  which  multiplied  continifally  inter 

one  another,  the  Produft  is  2.000000019966,  whidi  by  reafon  the 
CharaSeriftic  is  3,  becomes  2000.000019966,  that  is,  2000,  the  na^- 
tuftl  Number  defired.  I  Ihall  not  mention  the  Method  by  which 
diis  Table  is  framed,  becaufc  you  will  eafily  fee  that  from  the  Ufe 
of  it. 

It  is  obvious  to  the  intelligent  Reader^  that  thefe  Qaffes  of  Num- 
bers are  no  other  than  fo  many  Scales  of  mean  ftDportionals.  In  the^ 
firft  Clafs,  between  i  and  10  j  fo  that  the  laft  {dumber  there6f,  viz., 
1.258925412  is  the  tenth  Root  of  10,  and  the  reft  in  order  alccnding 
ait  the  Powers  thereof.  So  in  the  fecond  Cilafs,  the  laft  Number 
X.023292992  is  the  hundredth  Root  of  10,  and  the  reft  in  the  iame 
^fanner  are  Powers  thereof.  So  1.002305238  in  the  third  Glafs,  is 
tbc  tenth  Root  of  the  laft  of  die  fccbnd,  and  the  reft  its  Powers,  &?^. 
Or,  which  is  all  one,  each  Number  in  the  p^ceding  Clafs,  is  the 
tenth  Power  of  the  correfponding  Number  in  the  next  following  Clafs : 
Whence  'tis  plain,  that  to  conftrud  thefe  Tables  requires  no  more  than 

Vol.  IV.  y  one 
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one  Extraction  of  the  fifth  or  furfolid  Root  for  each  Clafs,  the  reft  of 
the  Work  being  done  by  the  common  Rules  of  Arichmetick  ;  and  for 
extracting  the  fifth  Root,  you  will  find  more  than  one  very  compendi- 
ous Rule  in  Num.  210.  of  thefe  TranfaSions^  if  any  one  fliall  defire  to 
examine  the  computus  of  thefe  Tables. 

The  Procefs  is  exaftly  the  Reverfe  of  Mr.  Briggs^s  Doftrine,  in  Cap^ 
XII.  of  his  Aritbmetica  Logarithmica  Flacq*&  Edition  ;  and  had  Briggx 
been  apprized  hereof,  it  would  have  greatly  eafed  the  Labour  of  dedu- 
cing the  Logarithms  of  the  firft  prime  Numbers,  which  appear  to  have 
coft  him  fo  much  Fains. 

^M-^be^  XXII.  I.  I  have  defer'd  till  now  to  anfwer  your  Letter,  becaufe  I 
Conti  to  Mr.  ^^^  ^  Mind  to  accompany  my  Anfwer  with  that  which  Mr.  Newton  * 
Ldbnitz,  con-  has  lately  made,  to  the  Poftfcript  which  you  have  added  to  it.  I  ihall 
cemingtbe  not  enter  into  the  Particulars  of  the  Difpute  between  you  and  Dr.  Keily 
Jj^j^^y^or  rather  Mr.  Newton.  I  can  only  relate  Matters  .of  Faft,  what  I  have 
PluxioM,  n.  feen,  and  what  I  have  read,  and  what  I  ihall  ftill  fee  and  read,  in  order 
359.  p.  923.  to  make  a  true  Judgment  of  the  Affair. 

I  have  read  with  great  Attention,  and  without  the  leaft  PrepoITeflioa,. 
the  Commercium  EpifioUcum^  and  tt\e  little  Book  \  which  contains  an  £x^ 
tra£t  from  it.  I  have  feen  at  the  Royal  Society  the  original  Papers  of 
the  Letters  of  the  Commercium ;  a  fmall  Letter  *"  wrote  in  your  Hand  to 
Mr.  Newton ;  and  an  old  Manufcript  ^  that  Mr.  Newton  fent  to  Dr.  Bar- 
rowy  and  wWch  Mr.  Jones  has  lately  publilh'd. 

From  all  which  I  colle6t,  that  if'^we  leave  out  of  the  Difpute  all  fo- 
reign Digreflions,  all  we  have  to  do  is  to  examine,  whether  Mr.  Newton 
had  the  Calculus  of  Fluxions,  or  of  Infinitefimals,  before  you,  or  whe- 
ther you  had  it  before  him.  You  publifliM  it  firfl,  that  is  true  ;  but 
you  have  likewife  ownM,  that  Mr.  Newton  had  given  great  Hints  of 
it,  in  the  Letters  that  he  had  wrote  to  Mr.  Oldenburg^  and  to  others. 
This  is  proved  at  full  Length  in  the  Commercium^  and  in  the  Extradt 
from  it ;  what  is  your  Anfwer  to  this  ?  This  is  what  the  Publick  wants, 
in  order  to  make  a  fure  Judgment  in  this  Matter. 

Your  Friends  e3q)e6t  your  Anfwer  with  much  Impatience,  and  it  is 
their  Opinion,  that  you  cannot  avoid  returning  fome  Anfwer ;  if  not 
to  Dr.  Keilj  yet  at  leaft  to  Mr.  Newton  himfelf,  who  gives  you  a  Chal- 
lenge in  exprefs  Terms,  as  you  will  fee  in  his  Letter. 


•  In  his  Letter  dated  Feb.  26,  1715-16.  /.  w/.  and  printed  at  the  End  of  Raphfiu^ 
Hiilory  of  Fluxions. 

^  Printed  in  the  PbHofifbiud  ^ramfaawu^  N-.  342.  and  in  Tome  Vf  I.  Ai  Journal  U^ 
itrture. 

«  Dated  17  March  1693.  and  printed  at  the  End  of  Raphfin*^  Hiftory  of  Fluxions. 

'  Entitulea,  Andjfisfer  Smts  mmnro  urmmo^m  infimtes. 
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I  Aould  be  glad  to  fee  you  on  good  Terms  with  one  another.  The 
Publick  leceivts  but  fmall  Adradtage  from  fuchDiiputes,  but  rather 
lofes  for  many  Ages  ail  the  Improvements,  which  fuch  Difputes  de- 
prive it  of.^ 

His  Majeily  has  been  pleafed  to  lay  his  Commands  upon  me,  to  ac- 
guaint  him  with  ail  that  has  paffed  between  Mr.  Newtm  and  you.    I  « 

did  it  to  the  beft  of  my  Power,  and  I  wifh  it  might  be  with  Succefi 
to  you  both. 

Your  Problem  has  been  refolved  very  eafily,  and  in  a  little  Time. 
Several  Geometricians,  both  at  London  and  Oxford^  have  given  a  Solu- 
tion  of  it.  It  is  general,  for  it  extends  to  all  Sorts  of  Curves,  whether 
Geometrical  or  Mechanical.  The  Problem  is  propofed  a  little  equivo- 
cally ;  but  I  think  M.  de  Minvre  is  not  miftaken,  when  he  fays,  that 
our  Ideas  of  it  fhould  be  reftrained  to  a  Series  of  Curves.  For  Ex* 
ample,  we  may  fuppofe  it  to  have  the  fame  Subtaneent  to  the  fame 
Abfcifs  )  which  will  not  only  agree  to  the  Conic  Sedions,  but  to  infi- 
nite other  Curves,  as  well  Geometrical  as  Mechanical.  Other  Suppo- 
fidons  mieht  be  made,  to  fix  the  Idea  of  it. 

I  fliall  Ipeak  to  you  another  Time  concerning  Mr.  Newton*^  Philo- 
fo|rfiy.  We  muft  firft  agree  upon  the  Method  of  Philofophizing,  and 
very  carefully  diftinguilh  between  the  Philofophy  of  Mr.  Newton^  and 
the  Confequences  that  many  are  apt  to  draw  from  it,  though  very  rafh- 
ly.  Many  Things  are  afcribed  to  this  great  Man,  which  he  does  not 
own,  as  he  has  proved  to  thc^e  French  Gentlemen,  who  came  to  Lm- 
ionj  on  Account  of  the  great  Eclipfe. 

I  am,  wim  all  poflible  Refpedt^ 

London^  Sir^  your,  &fr, 

March  1716. 

N.  B.  Mr.  1* Abbe  Conti  ^ent  fame  Hours  alfo  in  looking  over  the  old 
Letters  and  Letter  Books  kept  in  the  Archives  of  the  Royal  Society,  tofeo^ 
if  be  could  find  anj  ^hiuf  which  made  either  for  Mr.  Leibnitz,  or  againfi 
Mr.  Newton,  and  bad  been  omitted  in  the  Commercium  EpiftoUcum 
CoUinii  &  aliorum  ;  but  could  find  nothing  of  that  Kind. 

S  J  Rj  Hanover^  .^r.  14,  1716. 

2.  Not  to  make  you  wait,  I  (hall  tell  you  before  Hand,  that  I  have^^^^  l^j^,. 
anfwcr'd  already  to  the  Letter  which  I  had  the  Honour  of  receiving  nitz'j  i^i»/Mf/r. 
from  you,  and  at  the  fame  Time  to  that  which  Mr.  Newton  has  wrote 
to  you.  I  have  fent  the  Whole  to  Mr.  Remond  at  Paris^  who  will  not 
fail  of  tranfmittine  them  to  you.  I  made  ufe  of  this  Way,  that  I  might 
have  impartial  and  intelligent  Witnefles  of  our  Difpuce :  And  Mr.  Re- 
mond will  alfo  communicate  them  to  others.  I  have  fent  him  at  the 
lame  Time,  a  Copy  of  your  Letter,  and  of  that  of  Mr.  Newton.  Af- 
ter this  you  will  oe  able  to  judge,  whether  the  Petulance,  of  fome  of 
your  new  Friends  gives  me  much  Difturbance. 

Yz  As 
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As  to  die  Problem,  of  which  feme  among  th^m  have  thoti^  fit 
to  refolve  feme  particular  Cafes,  to  fix  their  Ideas,  as  they  cat!  it  i  it 
is  probable  they  have  jHtched  upon  fome  eafy  Cafes.  For  there  are 
fome  fuch  among  the  tranfcendent  Curves,  as  well  as  among  thofe  that 
are  common,  lut  the  Bulineis'  is  to  find  a  general  Solution.  This 
Problem  is  no  new  one,  Mr.  John  BemauUi  has  already  propofed  it  for 
the  Month  of  May  in  the  Leipjic  Journal,  1697.  p.  21 1.  And  as  Mr. 
Facto  delpifed  what  we  had  done,  the  Propoial  was  repeated  for  him, 
and  for  others  like  him,  in  the  Journal  of  A&y  1700.  pv  204.  It  may 
ftill  ferve  to  this  Day,  to  fliew  fome  People,  how  far  they  are  gone  in 
Methods,  and  whether  they  have  gone  as  far  as  we.  And,  in  the 
mean  Time,  till  they  find  out  the  Means  of  arriving  at  a  general  So- 
lution, they  may  try  what  they  can  do  in  fixing  their  Idfcas  upon  a  par- 
ticular Cafe,  which  we  here  propofe  to  them  in  the  Paper  hereto  an- 
nexed. Its  Solution  proceeds  ftill  from  the  fame  Mr.  BtmoulU.  So  I 
hope  you  will  have  the  Goodnefs,  not  to  give  yourfelf  up  too  much  to 
the  Infinuations  of  thofe  who  are  oppofite  to  us  ;.  as  when  they  would 
make  you  believe,  that  our  Problem  was  eafy  to  them.  /  tfw,  S IR9. 
with  muchZeal^  jours ^  &c. 

A  Problem  eontaimng  a  particular  Cafe  of  the  general  Prokkm^  far 
finding  a  Series  of  Curves^  every  one  of  which  is  per^mOcular  to  anotbor 
Series  of  Curves. 
Fig^  j4.  ^P^^  ^*^  ^SJ^^  ^^  AGy  as  an  Jxis,  from  the  Point  A  at^  Number 

of  Curves  being  confiruHedy.  fuch  as  ABD,  of  fuch  a  Nature^  that  the  Ra- 
dius of  Curvature  BO,  drawn  from  all  the  Points  B  of  the  feveral  Curves^ 
may  be  cut  by  the  jfyis  A  G  in  C,.  alwofy  in  the' fame  givm  ratio :  That  is^ 
that  it  may  be  as  BO  to  BC,  fo  is  m  to  n.  Now  let  TrajeBories  he  com 
ftrulledfuch  as  EN  F,  that  may  cut  the  former  Curves  ABD  at  right  Angks. 

Fiir  ir  Thus  far  this  Letter.']    Mr.  Leibnitz  fitft  propofed  die  general  Pro- 

*'  ^^'       Utm  to  M.  PAbbS  Conti  in  thefe  Woixls ;  To  find  a  Line  BCD,  wHkb^ 
nu^  cut  at  right  Angles  all  the  Curves  of  a  determinate  Series  of  the  fame 
Kind  5  for  Exampk^  all  the  Hyperbola^ s^  AB,  AC,  AD,,  which  have  the 
fame  Vertex  and  the  fame  Center  \  and  this  by  a  general  Method.    And  in. 
the  ASa  Euriditorum  for  OSober^  1 698-  p.  j^jOr  47 1 .  he  calls  die  Curves 
in  this  determinate  Series,  Curves  given  as  to  their  Ordinates^  and  given' 
in  Pofitiony  and  given  in  Pofition  as  to  their  Ordinates.    And  by  ail  this, 
die  Series  of  Curves  to  be  cut  is  given,  and  nothing  more  is  to  oe  found, 
dian  the  other  Series  whfeh  is  to  cut  it  at  right  Angles.    Biit  Mn  Leih- 
mitz  beir^  told^  that  his  Problem  was  folvcd,  he  changed  it  into  a  new 
«ne,  of  finding  both  the  Series  to  be  cut,  and  the  other  Series  which. is 
to  cut  it.     Arid  the  particular  Problem,  propofed  in  diis  Letter,  is  a 
fpecial  Cafe,  not  of  the  general  Problem  nrft  propofed,  as  it  ought  tD 
have  been,  but  of  diis  new  double  Problem.    And  the  firft  Part  of  this 
double  Problem,  (viz.  by  any  given  Property  of  a  Scries  of  Curves  to 

find 
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fiKltkeCurret)  k  aProbkm  harder  than  the  fonncn  and  of  which  a' 
flcoeral  Scfotion  is  not  yet  gtvcn.  Mr.  Ltiimtz^  in  a  Letter,  to  Mv.J^hk 
BiTMMy  dated  16  Detemkar^  1694.  and  puhliflied  in  the  AOia  EntJUi- 
mm  for  Q^ber^  1698*  p.  471.  iet  down  his  Soludon  of  the  Probleniff 
when  the  g^iFoi  Series  <£  Cunres  is  defined  by  a  finite  Equadan,  enreffing 
the  Relation  between,  the  Abfcils  and  Ordinate.  The  fame  Solution. 
KoidS)  when  the.Equadon  is  a  convo^g  Series,,  or  when  the  Property 
of  the  Curare  to*  be  cut^  can  be  reducra  to  fuch  an  Equation,  by  tho 
Anaiffis  by  Series  that  are  infinite  in  the  Number  of  their  Terms.  But 
Mr.  LaikHz  was^for  folving  the  Problem  without  converging  Series. 

XXDL  In  an  Epiftle  for  an  eminent  Mathemadcian,  Jff.  Lipjl  iyi6.  Dr.  TaylorV 
I  am  aocufed  of  Plagiarifm,  as  if  I  arrogated  to  myfclf  the  Inventions  ^??  tl 
o€J?mi^ir/fir  and  #thm.     Let  them  produce  their  Examples,  and  then  f^^-J;^  ^/j^ 
Aey  (hall  have  an  Anfwer.     'Tis  true  I  have  treated  ot  many  Things  p.  955, ' 
in  common  with  others,  but  I  have  by  no  Means  ufed  other  Mens  In- 
v^entions  as^y  own.    I  have  every  wlvere  ufed  by  own  Analyfis,  (if  yoi|i 
will  except  the  Problem  of  Ifoperimeters,  of  which  Mention^  ihall  be 
made  hci«rfter)  that  it  cannot  be  faid  in  any  wife  I  have  cheated  others. 
The^fliould  have  named  their  Authors,  from  whom  I  have  taken  my 
Meoiods.     I  have  fo  great  a  Vimeration  for  the  illuftrious  Names  of 
/fcxgm,  de  rHifffikd^  Varignenj  Leibnitz^  and  others,  that  I  cannot 
tell  but  that  Ihave  err'd  on  the  contrary  Side,  when  I  may  feem  to* 
have  been  wandng  to  myfelf,.who*alway6  thought  it  an  Honour  to  my- 
felf  to-  quote  fuch  Mta  as  thcfe.     Perhaps  there  might  be  a  Uttle  La* 
zineis  in  the  Matter,  that  being  wholly  intent  upon  Things,.  I.negledted 
Uttle  Pieces  of  Hiftorjpw      Yet  I  hoped  I  could    not   fall  under  the 
Sufpicion  of  fuch  a  Fraud,- fince  die  celebrated  Works  of  fuch  great 
Men  would  cafily  difcover  it.     What  Problems  I  have  treated  of  in 
common  with  Bernoulli  are,  of  the  Funicularia,  of  the  Center  of  Ofcilla- 
tion,  and  of  Ifoperimeter*s.    In  the  two  firft  I  have  ufed  my  own. 
Analyfis  entirely.     In  the  Ifoperiraeters  I  ufed  the  Analyfis  of  the  Au-    ^ 
dior  James- Bemmlli^  a  Man  very  deferving  in  Mathematicks,.  to  whom. 
T  now  pay  the  Honour  which  is  due  to  him.    My  Solution  of  the  Pro-- 
blcm  concerning  the  Center  of  Ofcillationwas  communicated  to  my 
Friends  ever  fince  the  Beginning  of  the  Year  17125,  as  I  can  app^l  to> 
the  manufcript  Letters  of  Dr.  Keil  for  Witnefifesw     As  alfo.  my  Book 
was  in  the  Cuftody  of  the  Royal  Society,,  and  communicated  to  almoft 
all  our  Mathematicians,  from  the  Month,  of  ji^ril  of  the  Year  1714 ;« 
which  I  thou^t  neceflary  to  mention  here,.  kA  Bernoulli  ihould  claim' 
alfo  that  Solution  to  himfelf.     His  two  Solutions  are  extant  %  both 
publifhed  in  the  fame  Year  -,  the  latter  of  which  fo  perfeftly  agrees 
with  mine,  as  to  its  Principles,  that  you  would  fwear  they  were  ooth 
invented  by  the  lame  Perfon.    The  Matter  of  the  Ifoperimeter's  was^ 

•  One  m  tke  £f/i^r  Journal  Qfjmu^  tfac  other  ia  the.Meaiok»  of  the  Fretuk  Academy 

firft 
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firft  ihvented  by  James BernoulU^  as  hinted  above.  His  SolutiQiii^tti 
the  Analyfis  is  extant  in  the  L^/j^c  Journal  for  the  Year  170 1«  His 
Brother's  Analyfis  is  extant  in  the  Memoirs  of  the  Royal  Academy  of 
Sciencesfor  the  Year  1706.  A  Solution  is  alfo  extant  in  my  Bode. 
Bcrnoiilli  has  lately  publi(hed  a  Commentary  about  the  fame  Subjed  in 
the  Leiffic  A&s  for  the  Year  1 7 1 8.  There,  leaft  he  ihould  feem  to  do 
the  fame  Thing  over  again  **,  he  fpitefully  endeavours  to  detra£t»  not 
only  from  mine,  but  from  his  Brother's  Solutions  alfo,  d3je6ting  Pro- 
lixity to  his  Brother  %  and  Obfcurity  to  me  ^  He  promHes  every 
Thing  that  is  great  of  thofe  his  new  Undertakings  %  and  by  the  Help 
of  a  certain  Principle,  fetch'd  from  the  Law  of  Uniformity,  which  no- 
•  body  has  hitherto  obfcrved,  he  will  compleat  the  whole  Matter  almoft 
without  Calculation,  and  with  very  little  Trouble.  But  I  know  not 
by  what  Fatality,  in  this  Matter  about  the  Ifoperimeters,  Bernoulli  ne- 
ver finds  the  Gods  propitious.  Vixfirjly  that  former  Analyfis  of  hb 
from  Beginnmg  to  End  makes  only  one  continued  Blunder.  Se^ 
condly^  that  fo  much  boafted  Principle  of  his,  fetch'd  from  the  Law  of 
Uniformity,  which  nobody  has  hitherto  obferved,  (for  lb  he  boldly  af- 
firms) has  already  been  obferved  by  me.  Laftly^  the  Analyfis  whidi  he 
here  exhibits  as  a  new  one,  is  merely  that  of  his  Brother*  For  it  is  the 
Precepts  which  make  the  Analyfis,  according  to  which  the  Calculation 
is  afterwards  performed  4  which  is  not  itielf  the  Analyfis,  but  only  the 
Inftrument  of  the  Analyfis.  The  Precepts  being  once  laid  down,  every 
one  eafily  performs  the  Calculation,  each  in  his  own  Way,  one  m<Mre 
copioufly,  another  clofer  or  neater,  according  as  his  Genius  direds. 

*^  P.  16,  &ftf.  Therefore  for  thcfc  and  other  Rcafons,  I  ftiall  not  feem  to  do  the  iame 
Thing  over  a^in,  (sTr. 

c  Here  the  Reader  will  find  no  Rocks,  which  the  operofe  Anal^rfis  of  my  Brother  throws 
in  his  Way,  and  the  Intricacies  and  Thorns  of  third  Differences,  with  which  the  Way  is 

every  where  befet  ;   he  will  find  no  fuch  Things  in  my  Method. Neither  has  he  to 

fear  the  Prolixity  of  my  Brother's  Calculation,  nor  the  Obfcurity  of  Taylor's,  whidi  is 
equally  ofienfive  and  troublefome,  p.  1 8.  -— —  which  my  Brother  has  deduced  by  his  moft 
oi>eroie  Analyfis  —  cot  only  thofe  Things  which  were  fonnerlv  propofed  by  my  Brother 
with  great  Pomp,  and  folved  with  no  leS  Labour  and  DifHculty,  I  have  folved  by  the 
Law  of  Uniformity  alone,  without  any  Analytical  Calculus,  ^c. 

^  See  the  foregomg  Note  ^^  alfo  what  is  now  taken  from  p.  1 8. 

^  I  truil  with  Joy  that. the  Publick  will  give  him  Thanks,  that  I  have  had  Oocafion  of 
publiihing  fuch  Things  now,  which  perhaps,  with  many  other  Things,  might  have  lain 
iHiried  for  ever  in  my  Papers,  altho'  they  will  not  a  little  enlarge  the  Boundaries  of  die 
fublimer  Geometry ^  p.  1 7.  What  was  omitted  there  by  Incogitancy,  I  (hall  here  make 
Amends  for,  by  a  new  Method  of  Solution,  which  difpatches  Problems  with  fingnlar  Ft- 
dlity,  not  only  all  thofe  which  my  Brother  propofed  concerning  IToperimeters,  but  inno- 
merable  others  of  a  like  Kind,  ih,  — ~  by  Help  of  a  certain  Principle  derived  from  the 
Law  of  Uniformity,  which  no  one  has  hitherto  obferved,  by  the  Infpe£tion  of  the  Figure 
alone,  and  almoft  without  any  Calculation,  I  fhall  deduce  Equations  fbr  Curves  required, 
that  offer  themfekes  as  it  were  of  their  own  Accord,  (ffc.  as  in  Note  ^.  I  (hall  not  feem  to 
do  the  fame  Thine  over  again,  if  in  this  Argument,  which  is  difficult  of  itfelf,  I  (hew  a 
Way  or  Method  that  is  ihort,  plain,  clear,  and  eafy,  by  which  any  one,  endued  but  with 
a  moderate  CapaciQr,  may  arrive  at  thofe  abftrufe  Truths,  not  upon  the  Credit  of  others, 
but  be  convinced  with  his  own  Eyes ;  fo  that^  istc^  as  in  Note  ^. 

It 
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It  muft  not  be  denied»  thaiBemoulIi  has  made  the  Calculation  more  neat 
and  elegant^  but  he  has  done  it  in  his  Brother's  Analyfis  and  not  his 
own.  Nor  is  it  to  be  doubted  but  that  his  Brother,  if  he  had  lived  till 
now,  would  have  illuftrated  this  Matter  as  well.  We  faid  before,  that 
the  Analyfis  confifts  whoUy  in  the  Precepts  ;  but  all  the  Precepts  are 
his  Brother's.  For  that  he  conliders  a  little  Arch  of  the  Curve  requi* 
red,  as  compofed  of  three  little  Elementary  right  Lines,  is  wholly  ow- 
^ing  to  his  Brother,  as  he  himfelf  has  confefs*d  ^  That  from  the  c^ven 
Length  of  that  little  Arch  he  feeks  the  ratio  of  the  Differences  of  the 
Ordinates  in  his  Lemma's,  is  from  his  Brother.  That  he  feeks  the 
fame  ratio  over  again,  by  fuppofing  the  little  nafcent  Area,  compofed 
of  the  Funftions  as  he  calls  them,  to  be  either  the  greateft  or  leaft,  is 
from  his  Brother.  Laftlyy  that  from  that  double  ExprefHon  of  that 
fame  ratio  he  obtains  the  Equation,  by  which  the  Nature  of  the  Curve 
fought  is  determined,  is  from  his  Brother.  But  thefe  are  the  Things 
which  conftitute  the  Solution  :  TJierefore  the  Solution  is  entirely  his 
Brother^S.  I  faid  that  I  heretofore  made  Ufe  of  that  Principle,  which 
Bemmlli  arrogates  to  himfelf  with  fo  much  Oilentation.  Here  are 
two  Examples  of  it  in  the  fame  Page.  In  Page  113.  of  my  Book  are 
found  thefe,. 


#•  M  -n....  i_ ir^i _r  ff^ . 
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_  =  —•       But   _  is  a  new  Value  of  "*•     Whence  »    will  be 
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a  given  Quantity.    Here  it  is  as  clear  as  the  Light,  that  in  this  Place»* 
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bom  obferving  die  Uniformity  of  the  Expreflions  —  and  — ,    I    conr 
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eluded  that  «^  is  a  given  Quantity.-   I  did  the  fame  in.  what  follows.* 
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Uniformity  might  appear  between  liit  FormuUy — ^  and  — ^^   V 
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transformed  the  Equation.  I  fancy  you  will  now  parceive  how  happi* 
ly  I  have  penetrated  into  Bernoulli s  profound  Mylteries.  Will  he  fay 
that  this  is  obfcure  too  ? 

f  For  this  I  fliall  \A,  (as  he  has  done  in  his  Amtlyfis)  th«  Notion  of  a  very  fiiudl  Arch, 
.     Vc.  p.  18. 

Now 
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Now  I  come  to  the  fir  ft  Part  of  my  Undertaking,  ithich  is  fe  fccir, 
that  BemoulW^  former  Analyfis  was  extremely  corrupt.  Ftrfi  by  a  Sub- 
ftitution,  which  is  ridiculous  enough,  fetchM  I  fuppofe  from  his  pro- 
found Speculations,  he  transforms  the  Equation  FO  x  ^RO-z^^ttx 
Affip  into  this  FO  x  ^PF  sz  (pax  ^irp  \  which  in  a  particulM-  Cafe, 
(that  is,  when  the  Funftions  are  as  the  Squares  of  the  Ordinates)  comes 
tb  this,  that  at  the  fame  Time  FOxk0^^f>^  x  f »,  ^xviFOxPF 
t±i  ^(»  X  7r>.  Whence  it  follows  that  PF .  RO  11  ^9  .  ?».  But  this  ifc 
impoffible,  becaufe  it  is  PF^  RO  ^  f(»  x^  vt^  or  elfe  PFz^  RO^ 
fi»  -p^  9$  '9  neither  of  which  can  be  reconciled  with  the  propofed  Ana- 
logy. For  if  PF  ^  RO  x:  fv  n:  '»  ^  by  the  Analogy  it  will  be  alfo 
'^0^  f»  (becaufe  of  PF  ^  RO)  contrary  to  the  Hypothefis.  Or  if 
PF  -T  RO  /^  f »  7^  %e,  by  the  Analogy  it  will  be  alfo  vpz^  f  <»,  con- 
traty  to  the  Hypothefis.  Secondly^  he  very  unskilfully  fuppofes  the 
Curvature  in  F  to  be  to  the  Curvature  in  e,  as  «  0  to  K)  ;  fince  there  is 
nothing  in  the  whole  Analyfis  that  can  reftrain  this  Property  to  the 
Point  0,  fadier  than  to  any  other  Point  «  in  the  little  Arch  FO  «  ^  ta- 
ken any  where  i  Nor  indeed  can  Curvitude  be  eftimated  in  fo  ridicuteus 

a  Manner.    Thirdly^  Ivith  but  little  Skill  Kc  makes  »i»=jr,  nl  :=iy9 
and  m I  =-L^  ;    when  they  ought  to  htmnz=:iic^    nl  tsl^  y^    and 

ml  ^  ^>    Laftfyj  what  is  wofft  of  all ^  to  thefe  very  err<meous  Prin- 

tiples  he  has  affix'd  a  very  perfed  Conclufion.  t  fay  this  in  the  6rft 
Problem  J  for  in  the  fecond  the  Off-fpring  is  more  worthy  of  fuch  Pa- 
tents, you  idrugine  that  I  am  only  expc^og  fome  of  B&nouUP^  Md 
obfolete  Blunders :  But  it  is  nOt  fo,  for  thus  he  goed  on.^  **  All  tlide 
"  Things  I  have  laid-by  a  good  While,  and  now  difeuffing  them  oVcr 
*^  again  Very  accuratdy,  I  have  weighed  them  in  the  Scale  of  a  fevere 
^^  Examination  ^.  And  it  is  to  be  noted,  that  the  Solution  oif  the  firft 
•*  Problem,  in  my  Paper  inferred  in  the  Memoirs  Of  the  Academy, 
^<  p.  235.  is  perfe£Uy  right  *".''  Therefore  lie  has  again  adopted  kb  old 
Miftakes.  Now  perhaps  any  One  would  enquire,  by  what  Ri^t  he 
pretends  to  the  firft  Rank  irt  the  fublimer  Analyticks,  with  fuch  a  ftub- 
bom  Ambition  ?  So  that  nobody  can  make  any  Advances  in  it,  but  he 
muft  be  immediately  accufed  or  having  penetrated  into  Bernoulli's  pro- 
founder  Science*.  Whence  docs  it  appear  to  be  true,  what  has  oecn 
lately  affirmed  by  Ibmcbody,  that  the  Rules  now  extant  m  theTbeaiifc 
Anahffe  des  It^ment  Petits^  were  firft  derived  from  Bernoulli  ^  ?  That 

I     It      III    »imi    1    1 1  ■   »     "P^** ■    .■^,  .      ..  ,    , ■  ■ 

s  P;  v6,  ^  P.  17.  <  P.  18.    See  alTo  Ep.  for  an  enuacsBt  MaitbeinatictaB^ 

And  BimntUi'i  own  Writifiigs  almoft  every  wkere. 

^  He  allows  the  Marquis  dt  tHoJ^al  undcrflood  that  Method^  and  knows  that  iliufhrioaft 
krfon  learn'd  it  from  the  great  Bermulli  ;  and  is  well  aflUred,  that  the  Rules  in  the  faid 
Book  (the  Analyfis  of  infinitely  fnuJl  Qaantities]  owe  their  Original  to  tue  famous  Ber^ 
9nM.     As,  L^ff*  Ann.  1718.  p.  464. 

the 
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the  Fnufe  ufually  0veh  to  the  moft  excellent  Marouis  dt  FHoJj^iaK 
muft  be  now  transferM  to  his  Preceptor  ?  Is  fuch  a  Man  fit  to  teach 
others  the  Rules  of  Differencing  DiflFerences  ^  ?  With  many  other  Tlungs 
which  there  b  no  Occafion  now  particularly  to  enumerate. 

XXIV.  Twelve  Yean  ago  I  undertook  the  Defence  of  that  learned  55m  Gr*. 
Man  Mr.  James  Gregory  my  Uncle,  againft  the  Calumnies  of  Abbot  ^{^J^^  ^  J^^ 
Gallcyfe  5  who  alfo  impeachoi  before  the  learned  World  the  great  Dr.  D.Gregory ,n. 
Barrow  ^  as  if  he  had  ftokn  from  Roberuall  his  Propofitions  concerning  308.  p.  2236. 
the  Transformation  of  Curves.  Now  fince  GalUyfi  has  thought  fit  to 
revive  the  fame  Controverfy  again  %  give  me  Leave  again  to  vindicate 
my  Uncle's  Reputation. 

RcbervaU  lived  feven  Years  after  Gregory's  Book  was  publiflied.     He 
that  was  catching  at  every  little  Advantage,  was  challenging  every  Thing 
to  himfelf,  and  would  leave  no  one  in  quiet  Poflelfion  of  his  own  y 
would  he  fuffer  himfelf  to  be  rifled  of  his  Propofitions,  while  he  was 
alive  and  had  the  Uie  of  his  Eyes  ?  But  Galloyfe  fays,  he  did  not  fee  it^ 
he  read  no  new  Book  ail  that  Time,  he  patiently  fufFer'd  himfelf  to  be 
robb'd  of  all  his  Dilcoveries,  he  gave  up  his  Fame  together  with  his 
Mathemadcks.    I  wonder  with  what  Face  he  can  throw  out  fuch  Fic« 
tioBs  as  thefe,  which  caii  fo  eafily  be  refuted.     There  is  fo  little  Truth 
in  his  Afiertion,  that  from  the  Year  1668,  RobervaU  lived  in  Retire- 
ment, remote  from  the  Converfation  of  learned  Men,  and  had  renoun* 
ced  his  Mathematical  Studies  ;  that  from  the  Year  1670,  he  was  a  Pro- 
fieflbr  of  Mathematicks  in  the  Academy  of  PariSy  and  communicated 
to  the  Royal  Academy  of  Sciences  his  Invention  of  a  new  Balance^ 
•as  dieir  Afts  teftify,  whach  were  publilhed  for  that  Year  ^.    Therefore 
RobervaU  was  prelent  at  the  Aflemblies  of  the  Academicians  ;  and  if  he 
then  read  nothing  himfelf,  yet  can  it  be  thought  he  heard  nothing  ifi 
Converiation  about  Mr.  Gregory*  s  Inventions,  which  were  then  fo  cde- 
bntted  in  France  ?  Did  he  hear  nothing  about  them  from  Mr.  Huygens^ 
who  at  that  Time  difputed  very  eagerly  againft  Gregory  among  the  Aca- 
.demidans  *"  ?  But  if  there  was  no  Familiarity  between  him  zi^  Hicfgens^ 
las  GaUojfe  affirms,  (perhaps  becaufe  he  was  difpleafed  that  Huygens  has 
Ifound  out  the  chief  and  mdl  ufeful  Property  of  his  Trocboid)  could  he 
■hear  nothing  for  the  whole  Space  of  feven  Years,  from  all  the  reft  of 
■the  Academicians  ?    Or  if  he  did  hear,  did  he  make  no  Complaint  to 
lib  Brethren  and  Friends  ?  Who  can  believe  he  had  luch  a  Contempt 
[for  Fame,  that  has  but  once  heard  of  his  Squabbles  with  the  Italians^ 
ith  his  own  People,  and  with  every  body  f  If  of  a  fudden  he  was  be- 

*  In  the  mean  Time  it  may  be  condaded,  that  he,  together  with  Mr.  NrwtM  at  the 
^ginning,  remain'd  in  that  Error,  till  at  laft  they  were  delivered  from  it  by  the  Ufc  of 
y^Ctt/ctthis  Diferentia/h,  and  were  taught  ihc  Ru/cs  of  Differencing  Differences  by  the  fa- 
M/  BemoaUi,  ib,  p.  46$. 

*  Memoirs  of  tbt  Jcaitm,  ^  1693.  «  Memoirs  of  the  Acad,  for  1703. 
'  J9wrualdes  Sfewuu,  Jm.  1670.         •  JourneU  dis  S^avans^An,  i668. 
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come  fo  indolent,  md  {q  indiSerent  fx>  Reputatioa,  that  he  cooki  ea% 
iuffer  to  fee  all  his  Difcovmes  afchbed  to  others ;  and  that  what  he  bad 
happily. invented  rather  to  lie  dorinaot  in  his  Ecrifoire^  than  to  btiog 
*  them  to  Light ;  How  couJd  it  be  that  Greg^  fhould  ftcal  thcfc  Things 
from  him  ?  Let  us  fee  by  what  Strength  of  Argument  Galhyfe  proceeds 
to  fix  this  Acaifation  upon  him.  Firfi  (fays  hf)  it  appears  S  thai  ibis 
Method  for  the  "Transformation  of  Curves^  which  loas  invented  by  Rcber- 
vall,  was  known  in  Italy  before  the  Tear  1668  -,  for  TorriccUius,  wbt 
died  An.  1647,  tefiifies  in  bis  Letters^  that  it  was  cmttnmnica/ed  tobmij 
Robervall.  Secondly,  the  Adverfary^  however  unwilling^  is  obliged  t$ 
confefsy  that  this  Method  is  the  fame  with  that  of  Gregory.  Thirdly,  it 
mujl  therefore  appear  very  probable^  that  Gregory,  when  upon  bis  Travds 
in  Italy,  might  /earn  this  Method  from  the  Italians^  wbicb  bad  beenfo  la«i 
known  in  Italy. 

That  this  Method,  which  came  out  in  the  Year  1^92,  under  the 
!^ame  of  Robervall^  is  the  fame  as  that  which  Gregory  had  publifhed  24 
Years  before.  Prop.  XI.  Math.  Umverf  zs  H  h  plain  to  any  one  tint 
views  them  both,  fo  I  had  granted  k  without  any  Hefkatioo.  Indeed  I 
faid,  that  in  the  Writings  of  the  French^  wherrai  it  is  afcribed  to  Roberr 
valtt  it  was  drefs'd  out  with  a  tci&xMR  and  (biuneful  Demoafhadoo^ 
But  that  it  was  the  fame  with  that  of  Gregory^  I  never  once  queftion'd,. 
nor  made  any  Difpute  about  it ;  tho'  Galkyfi  made  thia  the  chief  Paiat 
of  the  Controverfy,  and  triumphs  as  tho*  I  had  yielded  him  the  Vidoiy. 
Bup  I  by  no  Means  grant  him,  eitbcr  that  it  was  known  before  to  the 
Jtatiansy  or  that  it  was  communicated  by  them  to  Gregory.  For  how 
does  it  appear  that  it  was  known  to  them  ?  Becgufe  Roiervail  had  conv* 
municated  it  to  TorricelUus.  How  does  this  ai^)ear  i  From  the  Letter  1 
of  T4rricellius  himfelf.  But  where  is  this  Letter  ?  Galloyfe  has  it  When.  | 
was  it  wrote  ?  About  60  Years  ago.  Where  ha£  it  been  hid  fo  long  ^  j 
Where  all  wonderful  Things  are  hid,  in  RobervalTs  owa  Tre^ury.  Whe^J 
t)ier  this  Epiftle  is  genuine  or  no,  or  whether  there  be  any  fuch  Thingj 
or  no,  we  muft  not  prefume  to  doubt,  fince  there  arc  fo  many  cicdiblel 
Wimeflcs.  But  by  what  Literary  Monuments  docs  it  appear,  that  Tar- 
riceiliiis  communicated  thefe  Inventions  to  the  Italians  ?  About  this  there:; 
is  iliU  a  profound  Silepce,  Or  if  he  had  imparted  thefe  to  any,  they 
might  by  this  Time  have  been  quite  extinct  and  unknown,  fince  Torri-- 
ceUius  himfelf  had  been  dead  20  Years  before  Gregory  went  into  liafy.  j 
Or  if  they  had  not  been  yet  out  of  Memory,  GaUoyfe  (hould  tell  us,  whcnj 
among  the  Italian  Mathematicians  imparted  thde  Secrets  10,  Gregary^n 
which  had  been  intrufted  to  him  hfTorricelliuj.  Perhaps  he  will  lay,* 
(for  he  can  take  the  Liberty  of  laying  any  Thing)  that  they  were  ^ 
known  to  many  in  Italy.  But  would  the  Italians  truft  thefe  Geo- 
metrical Secrets  to  Gregory r  a  meer  Foreigner,  which  they  had  con- " 
cealed  from  every  body  for  20  Years  ?  Would  he  dare,  in  the  Mid(t  of 
Itafyy  (for  his  Book  was  printed  at  Padua)  publi(h  Things  as  his  ovm^ 
which  he  had  but  juft  learn'd  of  the  Italians  ?  Or  if  he  had  been  fo  de- 

«  Ocuvres  da  MatBm.  fer  Mejf,  dt  PAcad:  Roy. 
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-^qrI  oF  Skime,  iaM  ht  hiv^  dOM  k  wkhoiit  bring  oiriiured  by  the 
JudUmsi  #hciM*  1r  WS0  richer  ^q^lmded  by  them }  This  I  confefs  is 
beyond  my  Fadi  0  bdicfve. 

XXV.  A  Paper  omtted. 
Logometria,  aaftore  Rogero  OteSj  Trin.  Coll.  Cantab.  Soc.  A(hron.  ^'  33^-  P-  $• 
&  Ph.  E3q>.  profcffOTc  Plumianoy  &  R.  S.  S. 

XXVI.  AccmtHts  ofBocksy  &c.  Miitted. 

1.  Lexkm  Ttihtkum^  or  an  Unimfid  J&iiff/igift  DiAionary  of  Arts  and  N.  292. 
Sciences ;  explakitng  not  only  the  Terms  of  Art^  but  the  Arts  them-  P*  >^9« 
felveS)  by  J.  Harris^  M.  A.  and  F.  R.  S.  FoUq,  1704. 

2.  EmcUdis  qtte  fiiperfunt  omnia  Gr.  Lat.  ex  Recenfione  DaviJis  Gre-  i^^  289. 
gmiM^D.  Afbonomias  profefTore  Am^unr^,  &  R.  S.S.  Ox^.1703.  Folio,  p.  1558. 

g.  Apallomi  Pergjei  Coniconim  Libri  odlo,  &  Serem  Antijfenjb  de  Sec-  ^ 
tionc  Cylindri  &  Coni  Ubri  duo.  FoL  Reg.  c  Theatro  Oxon.  1710.         p  y^/' 

The  5%  6'S  tf»/  7"*  Books  of  Apollonius  art  here  tranflaied  out  <?/ Arabic 
,^M9  «  AfS.  ^jr  Dr.  Haliy,  m  wbicb  Lariguage  tbej  are  only  to  be  founds 
who  has  alfo  tadeavtmr^d  to  refiare  the  8'^  Book^  wbicb  was  wbolly  lofi. 
Tbe  Greek  Text  fffSertnm  Antilfenfis  was  never  publifo^d  before. 

4.  De  Locis  Selidis  fecupda  DivinatioGeometrica,  in  quinque  Libros  in-  j^  ^or. 
juria  Temporum  amiflbs  .^^iri/^irf  fenioris  Geometrae ;  AuAore  Vincentio p,i6oy\        ^ 
Vtviani^  Magm  Ducis  Etmri^  Nfachematico  Primario,  &  Regalis  Societa- 

tis  Londini  S^dali.  O^MsCamcum  in  lucem  prolatum.  An.  1701.  folio. 

5.  Metbodus  Atcrementorum,  Aodfcore  Brook  ^'aykr^  LL.  D.  &  R.  S.  S.    n.  ^4^. 
An  Error /» the  25'^  Propofition  of  tins  Book  is  berecorreffedbjDr.Tzylor.  p*  339. 
Thb  Error  does  not  afFed  the  Reafoning  by  which  I  find  the  Diftance 

(^  the  Center  of  Percufllon  from  the  Axis  of  Rotation  ;  but  it  is  this, 
diat  I  iiippofed  the  Center  of  Percullion  to  be  in  the  Plane  paflTing  thro* 
the  Center  of  Gravity,  arid  perpendicular  to  the  Axis  ot  Rotation  ; 
which  is  a  Miftake,  and  is  correfted  by  the  following  Propofition. 

PROP.  PROB.]  To  find  the  Bifiance  of  tbe  Center  of  Percuffion  from 

the  Plane  pi^g  through  the  CerUer  of  Gravity  and  perpendicular  to  tbe 

Axis  of  Rotation. 

SOLUTION."]  Let  this/5firrtfbe  fuppofed  in  the  Plane paffing 
through  the  Axis  c^  Rotation,  and  in  which  the  Center  of  Percufllon  is 
fought.  _  • 

Let  jf  jB  be  die  Axis  of  Roution,  B 
AG  C  be  thi  Interfeftion  of  this  Figure  with 
the  Plane  palling  through  the  Center  of  Gra- 
vity^ and  perpendicular  to  the  Axis  of  Rota- 
don  ;  G  be  the  Point  whereon  a  Line,  raifed 
perpendicular  to  this  Figure,  will  psrfs  thro*  G     C 

thcCentcr  of  Gravity ;  ££  be  a  Line  parallel  ^ 

to  A  G^  wherein  is  tlw  Center  of  Percuffion.  Then  to  find  the  Diftance 
AB^  \etp  ftand  for  an  Element  of  the  Body  propofcd,  Handing  per- 

Z  2'  pendicuUrly  ' 
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peodicukurljr  on  any  Point  D.  Draw  D  C  perpendkrular  to  AGC%  and 
AB  will  be  equal  to  th&Sum  of  all  the  Quantities^  x  GC  x  CD  taken 
with  their  proper  Signs,  divided  by  the  Body  ttielf  multiplied  into  die 
Diftance^G. 

Having  thus  found  the  Diftance  AB^  fuppofe  the  Plane  of  the  Figure 
in  frop.  25.  to  cut  the  prefeht  Figure  at  P&ght- Angles  in  the  Line  JB£, 
and  the  Center  of  PercuflTion  will  be  rightly  determined  by  that  Pro- 
pofition. 
N'  34^'  6.  Comfmrcium  Epfftolicum  ColUmi (d  aUommde  Anaiffi pramota.    Pub- 

/'//  7upra      Jiflie<l  by  the  Order  of  the  Royal  Society ^  in  relation  to  the  Difpute  between" 
p.  itz,         Mr.  Leibnitz  and  Dr.  John  Keill^  about  the  Right  to  the  Invention  of  the 
Method  of  Fluxions^  by  fome  call'd  the  Diffiremtial  Mtticd. 

This  Book  confifts  of  Letters,  and  other  Papers,  which  pafs*d  many 
Years  ago  between  Mr.  Collins^  Sir  Ifaac  Newton^  Mr.  LeihUiZj  Dr.  Bar- 
rawj  Dr.  tVallis^  Mr.  Oldenburg^  Mr.  J.  Gregory  \  the  Occafion  of  their 
being  publifti'd  was  this  : 

The  Editors  of  the  A&a  Upfietifia  for  January  1 705,  (in  gitring  an 
Account  of  Sir  Ifaac  Newtoffs  ^reatife  of  Quadratures)  began  to  repre- 
fent,  that  Mr.  Leibnitz  was  xk^firfi  Inventor  of  the  D^erential  Method, 
and  that  Sir  Ifaac  Newton  had  /ubftituted  Fkacions  for  Differences  ^  Dr. 
JobnKeill  upon  this,  in  a  Paper  publiih'd  in  thtPbikfopbicalTranfaffionSj 
^ViJ.  Infra    (for  September  and  OSober  1708.  *)  afleited  the  Invention  to  Sir  Ifaac 
C.  IV.  S.  V.  j^g^^pff^  appealing  to  the  Letters  which  Dr.  fTallis  had  printai  in  the 
Collection  of  his  Works,  publifh'd  many  Years  fince.    Mr.  Leibnitz  up* 
'  on  this  complained  to  the  Royal  Society  of  Dr.  Keill  in  171 1  s  whereupon 

the  Society  appointed  a  numerous  Cotmmttee  of  Gentlemen  of  feveral  Na- 
tions to  fearch  old  Letters  and  Papers,  and  to  report  their  Opinion^ 
which  was,  « 

That  from  thefe  Papers  it  appears,  that  Sir  Ifaac  Newton  had  found 
the  Mediod  of  Fluxions  in  or  berore  the  Year  1669. 
.  That  it  does  not  appear  from  thefe  Papers,  that  Mr.  Leibnitz  had  the 
Method  of  Fluxions  or  Differential  Method  before  the  Year  1677. 

Dr.  JVallis  (in  the  fecond  Volume  of  his  Works  publifti'd)  in  1695, 
aflerted  the  Invention  to  Sir  Ifaac  Newton  in  thefe  Words.—  Newtoni 
Methodus  de  Fluxionibus  —  quam  ego  defcripji  ex  binis  Newtoni  Uteris^ 
aut  earum  alteris^  Junii  13,  &.  Oftob.  24,  16769  ad  Oldenburgum  J^/zj, 

cum  Leibnitio  turn  communicandis  ubi  Methodum  hanc  Ldb- 

nitio  exponit  turn  ante  decern  Annos  nedum  plures  [i.  e.  ann.  1666 
vel  1665.]  ab  ipfo  excogitatam -"— Scvcnl  lacacrs  followed  hereupon, 
between  Mr.  Leibnitz  and  Dr.  Wallis^  in  which  Mr.  Leibnitz  did  not 
deny  that  Sir  Ifaac  Newton  had  the  Method  Ten  Tears  before  thofe  Two 
Letters  -,  pretended  not  that  he  had  the  Method  fo  early  ;  brought  no 
Proof  that  he  had  it  before  the  Year  1677  ;  no  other  Proof  befides  the 
Conceflion  of  Sir  Ifaac  that  he  had  it  fo  early }  affirmM  not  that  he  had  it 
earlier ;  and  commended  Sir  Ifaac  Newton  for  his  Candour  in  this  Matter* 

When  Mr.  Fatio  in  1699  fuggefted  that  Mr.  Leibnitz^  the  Sefond  In-  • 
vemor  of  this  Calculus,  might  borrow,  fomething  from  Sir  Ifaac  New* 

ton^ 
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tdfh  the  old^  Inventor  hf  niany  Years,  Mr.  Leibmtz^  in  his  Anfwer  in 
the  AB.  Enid,  for  May  1700,  allow'd  that  Sir  Ifaac  had  found  the  Me* 
thod  apart,  and  did  not  deny  that  Sir  Ifaac  was  the  oldeft  Inventor  by 
many  Years  -,  and  aflerted  then  no  more  to  himfelf,  than  that  he  alfo 
had  found  the  Method  apart,  oc  without  the  Afliftance  of  Sir  Ifaac  \ 
nor  did  he  put  in  his  Claim  to  be  the  firfl  Inventor,  till  after  the  Death 
of  Dr.  WaHis^  the  laft  of  the  old  Men  who  were  acquainted  with  what 
had  pa&'d  betweoi  the  EngHJb  and  Mr.  Leibnitz  forty  Years  ago.  The 
Do&or  died  in  O^0A^  1703,  and  Mr.  Leiimiz  htgrn  not  to  put  his 
new  Claim  before  January  1705. 


CHAP.     IL 

OPTICS. 


L  ^  B"*^  HE  Marnier  offeparating  the  primitive  Colours  of  Light  to  fucb  Some  0/  Sit 
I        a  Degree^  that  if  any  one  of  the  feparated  Lights  be  taken  apart y  |^^^  e^- 
JL      its  Colour  fiall  be  found  unchangeable,  was  not  publifh'd  before  ^iofUgbt 
5/r  Ifaac  Newton' j  Optics  came  abroad.    For  want  of  knowing  how  this  arid  Colours 
was  to  be  dotiCj  feme  Gentlemen  of  the  Engliih  College  at  Liege,  and  Men-  ^^''*'^*^ 
/dirMariotte  /«  France,  and  fome  others^  took  tbofe  for  primitive  Co-  (Wvliiew 
lowrs  which   were  made  by  immitting  a  Beam  of  the  Sun*s  Light  into  a  n.  348/ 
dark  Room  through  afmall  round  Hole,  and  refraBing  the  Beam  by  a  tfi-  p.  433* 
angular  Prifm  ofGlafs  placed  at  the  Hole.    And  by  trying  the  Experiment 
in  this  Manner,  they  found  that  the  Colours  thus  made  were  capable  of  Change^   . 
and  thereupon  reported  that  the  Experiment  did  not  fucceed.    And  lately  the 
Editor  of  the  Ada  Eruditorum /i^r  Odtober  171 3,  pag.  447,  dejired  that 
Sir  If.  Newton  would  remove  this  Difficulty.    The  Objcftions  (iays  he) 
which  have  been  made  by  learned  Men,  both  in  France  and  England, 
againft  that  Theory  of  Colours,  have  been  very  fuccefsfuUy  anfwer*d  by 
the  moft  perfpicatious  Newton  \  as  is  abundantly  manifeft  from  the 
EngUJh  Tranfaaions,  N.  84,  85,  88,  ^6,  07,  121,  123,  128.     Whence  «/  fuora, 
it  is  defired  by  many,  that  he  would  be  pferfed  to  explain  himfelf  upon  V.  I.  c.  IIU 
that  Difficulty,  which  was  ftarted  by  the  moft  ingenious  Mr.  Mariotte, 
in  his  Treatife  oi  Colours,  p*  207,  i£c.  who  while  he  lived  was  a  very  in- 
defatigable as  well  as  fuccefsful  Enquirer  into  the  Nature  of  Things.  His 
Difficulty  was  this.    At  the  Diftance  of  about  25  or  30  Feet  he  received 
upon  a  Paper  an  entire  Ray,  let  in  through  a  fmall  Hole  into  a  darkned 
Chamber,  which  was  tranfmitted  through  a  triangular  glafs  Prifm  ;  and 
the  violet  Colour,  which  poflefs'd  a  Space  of  above  three  Lines,  he  let 
pafs  through  a  Slit  of  tv/o  Lines,  which  he  received  upon  another  Prifm 
plqced  very  obliquely.     When  this  was  done,  he  obferved.fome  Part  of 
this  Light  to  be  changed  into  Red  and  Ydlow.    In  like  Manner  he 

found. 
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founds  tkat  Fart  of  this  rad  Light  yttHM  bs  changed  into  Blew  ai^l 
Violet.  Now  if  this  TranfmtitsiSon  k  admitted,  the  wbole  Nemmim 
Theory  muft  fall^  as  is  pbin  from  the  Trtt^Sions  for  i7o6»  p.  60. 
Nowikbm//f  took  the  DUtance  of  go  Feet^left  in  a  fm^Uer  Diftwce  any 
o^e  (bould  pretend,  that  there  was  not  a  compkat  Separation  of  the  he- 
terogeneous Rays!  To  us  the  Experidaeot  of  Mmoite  would  appear  de- 
ctfive,  if  the  whole  Blue  Light  bad  been  chai^pd  int»  fcHtt  other.  Thus 
far  the  Editor  ef  the  A6la,  In  Akjwer  i&  wMcb  it  is  to  be  okfervedj  thai 
the  Red  and  Telhw  which  came  mt  af  Ae  Videt^  and  the  Bke  and  Violet 
which  came  out  of  the  Redj  might  proceed  from  the  very  bright  light  of  the 
Sky  next  encompafftng  the  Sun^  and  that  feveral  Sorts  of  Rays  y;hich  come 
from  feveral  Parts  ^  the  Sun^s  Body  are  intermi^t  in  ail  Parts  ef4be€o^ 
loured  Spedtrum,  'Ufhich  falls  upon  a  Paper  at  any  Dijlancefrom  the  Prifm. 
In  this  Manner  of  ^riaU  for  making  the  Experiment  fucceedj  the  Light  of 
the  bright  Clouds^  immediately  furrounding  the  Sun^  fioutd  be  intercepted  by 
an  opake  Skreen  placed  in  the  open  Aar  mthout^  at  the  Difiance  of  ten  of 
twenty  Foot  from  the  Hole  through  which  the  Sunfbines  into  the  dark  Room. 
And  in  the  Skreen  there  Jbould  bi  a  fmall  Hole  for  the  Sun  to  finne,  through. 
The  Hok  may  be  either  round  or  oblongs  and  not  above  one  etgitb  ot  one 
tenth  Part  of  an  bub  broad  ;  fo  that  the  ^hreen  may  intercept  not  o)dy  the 
bright  Light  of  the  Clouds  next  encompqfif^  the  Sun^s  Body^  but  alfb  the  great- 
eft  Part  of  the  Sun^s  Light :  For  thereby  the  Colours  wiU  become  lefs  ndxed. 
The  Beam  df  Light  which  paffes  through  this  Hole^  maft  afterwards  pafs  thrtf 
the  other  Hole  into  the  dark  Room^  omd  the  Prifm  mnft  be  placed  paraUel  to 
the  oblong  Hole  in  the  Skreen^  and  the  r^aSing  Ar^k  thereof  be^xty  De* 
agrees  or  ab&ve.  Ih  this  Abnner  the  Experiment  may  be  tried  with  Succefs^ 
but  the  Trial  will  be  lefi  troubkfome  ^  itbe  made  in  fuch  a  Manner  as  is  de-^ 
fcribed  in  the  fourth  Proportion  of  the  firft  Book  of  Sir  Ifaac  NewtonVO^x. 

Sir  Ifaac  Newton  therefores  titpon  reading  what  has  been  dted  out  tf  the 
Ada  Eruditonini,  de^red  Mr.  Dcfagulicrs  to  try  the  Experiment  in  life 
Manner  d^cribed  in  the  faid  Propojition  %  and  he  tried"  it  accordingly  with 
Succefs  before  feveral  Gentlemen  of  the  Royal  Society^  and  afterwards  be- 
fore Monfieur  Monmort  and  others  of  the  Royal  Academy  of  Sdences  ! 
How  this  and  other  conconUtaM  Experiments  were  tried  and  fucceededy  is 
defcribed  as  follows. 

Experiment  i.]  ,  Having  lewM  together  end-wife  two  Pieces  of  Rib- 
bon four  Inches  long  each^  the  one  Blue  and  the  other  Red,  whde  com** 
moo  Breadth  was  4  of  an  Inch ;  I  caufed  it  to  behdd  in  fuch  Manner^ 
that  the  Light  whkii  fell  from  the  Clouds  thro*  the  Window  was  fo  re- 
fleAed,  that  the  Angle  made  by  the  Rays  of  Light,  which  came  in  at 
the  Midde  of  the  Window,  with  the  Plane  of  the  Ribbon  produced,  wa® 
equal  to  the  Angle  made  by  a  Line  drawn  from  the  Ribbon  to  my  Eye, 
and  the  faid  Plane  of  the  Ribbon.  My  Eye  was  placed  as  far  behind 
the  Ribbon  as  the  Window  was  before  it,  the  Diftance  from  which  to 
me  was  about  12  Feet.  Then  looking  thro*  a  Prifm  at  the  Ribbon,  it 
^ppear'd  broken  afunder  in  the  Place  where  the  Blue  and  Red  Half 

join*d* 
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joonM.  H*  the  Prifm  was  held  with  the  refrafting  Angle  downwards  (or 
kid  with  one  d[  its  Planes  fiat  upon  the  Nofe)  the  blue  Half  of  the  Rib- 
bon appearM  to  be  carried  down  lower  than  the  Red,  as  9iB^R\  but  Fig.  36. 
if  the  i^rafting  Angle  of  the  Prifm  was  tum'd  upwards,  (as  when  the 
Vrifm  has  (MK  of  itt  Phmes  Ittd  flat  to  the  ForcJiead)  then  the  blue  Half 
^the  R%bon  was  lifted  up,  as  at  (p. 

The  Prifm  was  of  white  Glafs,  having  every  Angle  of  60  Degrees  5 
but  when  inftead  of  it,  one  of  a  greenifli  S<Mt  of  Glafs,  fuch  as  Ob- 
jeft  Giafies  of  Telefcopes  arc  made  of,  was  ufed,  having  the  refrafting 
An^e  which  I  lookM  through  of  about  48  Degrees ;  the  fame  Pnmo- 
menon  was  more  diftinft,  this  Glafs  having  no  Veins,  but  the  Red  and 
Blue  were  nearer  to  a  ftrc^ht  Line  •,  in  fuch  Manner,  that  if  A  reprefent 
the  Ribbon  fecn  through  the  firft  Prifm,  B  will  reprefent  the  Ribbon 
feen  through  the  fecond  Priftfi,,  Fig.^J*  ^^  *^  refrafting  Angle  of  the  Fig.  37^, 
laft  Priftn  had  been  as  great  aa  that  ot  the  firft,  the  Light  being  tranf- 
mitted  through  too  great  a  Body  of  greeniih  Glafs,  the  Phacnomenon' 
would  not  have  fuccccded  fo  well. 

The  blue  Ribbon  being  fomevrhat  too  pale,,  and  the  Red  a  little  dull,.  *  " 

I  repeated  the  Experiment  with  a  Skain  ot  Blue,  and  one  of  red  Worfted 
joinM  together  in.  the  Middle  as  the  Ribbons  were  before ;  and  die  Co- 
teurs  of  bodi  being  very  intenfe,.  the  Expcrinjcnt  fucccedcd  better  with: 
botkPrifms,     All  that  were  prcfent  trying  the  Experiment  found  it  to* 
-fijceeed,  and  that  every  Circumftance  anfwerM  to  the  Account  given  in^ 
Frop.  \.  Theer.  x.  Bv^k  i.  of  Sir  Ifaac  Newton's  Optics^  as  far  as  the  Di- 
K^tions  there  given  were  foUow'd.    So  that  it  appeared  that  the  Blue 
bdns  carried  lower  than  the  Red  in  the  firft  Cafe,  and  lifted  higher  m^ 
the  tecond,.  was  owing  to  the  greater  RefraAion  of  the  blue  Ray :  For 
diough  each  Part  of  the  Ribbon  or  Worfted  refle6ted  all  Manner  of  Rays,. 
jet  die  Plwenomenon  was  very  apparent ;  as  aMb  that  the  blue  Ribbon 
or  Worfted  reflcfted  the  blue  Rays  more  copioufly  than  the  red  Rays,, 
and  that  the  red  Ribbon  or  Worfted  rcfle6bed  the  red  Rays  more  than  the 
Muc  ones,  becaufe  die  Red  of  the  bhic  Half  ften  dirough  the  Prifm  was 
lc&  intenfe  than  that  of  the  red  Half,  and  the  Blue  or  Purple  of  the  red 
Half  feen  thro*  the  Prifm  was  lefs  intenfe  than  that  of  the  Wue  Half.. 

M  B.  If  the  Ribbon  or  Woriled  is  laid  upon  any  enlightened  Body,, 
the  Phaenomenon  will  not  fuccced  fo  well ;  the  Colours  of  the  Body 
fecn  through  the  Prifm  mixing  with  thofe  of  the  Ribbon  or  Worfkd.. 
Even  a  black  Bocjy  will  not  do,  if  Light  fall  upon  it :  But  there  muft 
fce  a  black  Cloth  behind,  in  fuch  Manner,  that  no  Light  falling,  upon  it 
can  be  reflefted  fo  as  to  difturb  the  Phaenomenon.  And  if  a  fhort- 
fighted  Perfon  looks  through  th&  Prifm,  a  concave  Lens  between  his 
Eye  and  the  Prifm,  will  render  the  Phsenomenon  more  diftinft  than  it 
would  otherwife  be. 

Exp.  2.]  Some  Days  after  the  Sun  ftiining,  I  made  two  Holes  H,  A,  Fig:  38.. 
in  the  Window  Shut  5,  j,  ofadarkned  Room-,  through  which  letting 
the  Sun's  Beams  pafs,  by  Means  of  two  Prifms  ^5,  (one  near  each 

Hole) 
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Hole)  I  opened  the  Rays  coming  from  the  Sun  into:the  two  qotouttd 
Speara  dL^  0j  where  the  following  Colours  were  very  diftinft,  viz.  red. 
Orange,  Yellow,  Green,  Blue,  Purple  and  Violet.  Now  the  Reafon  of 
their  being  more  diftinft  than  ordinary  was,  that  the  Prifms  which  I  made 
Ufe  of,  were  made  of  the  gj-eenilh  Gl^s  mentioned  before ;  which  is  very 
free  from  thofe  Veins  by  which  the  Colours  are  too  much  thrown  into 
one  another,  by  the  beft  white  Prifms  of  the  common  Sort. 

The  forementioned  coloured  SpeSfra  being  thrown  into  the  Room^  to 
the  Diftance  of  about  20  Feet  from  the  Window  where  the  Sun's  Light 
came  in,  I  caufed  a  Piece  of  white  Paper  ^r,  ^  Inch  broad,  and  5  Inches 
Ipng,  to  be  held  within  the  refrafted  Rays  (at  a  Diftance  rf  10  Feet  from 
the  Window)  which  produced  thefe  Colours  in  fuch  Manner,  that  by 
turning  the  Prifms  round  their  Axis,  I  could  make  the  red  Ray  of  the 
SpeSrHtn  made  by  the  one  Prifm,  fall  upon  one  Half  of  the  Paper,  and 
the  purple  Ray  of  the  SpeSrum  made  by  the  other  Prifm  fall  upon  the 
other  Half-,  for  the  Speilra  were  both  vertical,  the  Lines  which  termi- 
nated the  long  Sides  of  them  towards  each  other  juft  touching,  as  ap- 

Pg.  3^*  pears  in  Fig:  38.  Then  at  the  Diftance  of  9  Foot,  looking  through  the 
rrifm  C  at  the  Paper  thus  coloured,  the  red  half  appeared  very  much 
feparated  from  the  Purple,  the  one  feemipg  lifted  up  from  the  other  -, 
the  Red  or  Purple  appearing  the  higheft,  according  as  the  refrading 
Angle  of  the  Prifm  was  either  held  upwards  or  downwards.  The  Phae- 
nomenon  is  much  much  diftinft  this  W^y  than  any  other  %  for  the  Pa- 
per not  only  feems  divided  intp  two,  when  it  is  coloured  by  a  red  and 

Fjg-  39f         a  purple  Ray,  but  alfo  by  a  red  and  blye,  Fig>  39.  by  a  red  and  a  .green 

Fig.  49-  Ray,  Fig.  40,  or  indeed  by  any  twp  Colours  that  are  different,  how  near 
foever  their  Places  in  the  SpeSra  i)e  to  each  other.  The  Halves  of  the 
Paper  appear,  when  viewed  throqgh  the  Prifm,  to  be  farther  from  each 
other,  when  the  Paper  is  tinged  with  fuch  Colours,  as  are  farther  from 
each  other  in  the  Series  of  Cployrs  in  the  SpeSrum  i  and  n^areft,  (hough 
ftill  divided,  when  neighbouring  Colours  fall  upon  the  Paper,  as  Yellow 
and  Green,  pr  a  light  and  a  deep  Green.    But  die  Paper  appe^  po 

Fi|-  4P»  Way  divided,  when  coloured  wim  the  Red  of  the  two  Speffra^  Fig.  41. 
if  thofe  Reds  are  eqpally  intenfe  i  and  fo  of  the  other  Colours. 

Exp.  3.]  I  he}d  a  Lens  of  about  three  Foot  Radius,  at  the  Diftance  of 
fix  Feet  from  the  oblong  Paper,  (on  which  a  red  and  a  purple  Ray  fall- 
h\gj  made  it  look  half  red  and  half  purple)  and  I  prde^ed  the  Image 
of  the  faid  coloured  Paper  at  the  Diftance  of  about  fix  Foot  on  the  other 
Side  of  the  Lens,  on  a  white  Sheet  of  Paper  5  where  it  was  obfervable, . 
that  when  the  red  Half  was  diftinitiy  painted  on  the  white  Paper  (which 
was  known  by  the  Edges  qf  the  Image  being  regularly  terminated)  then 
the  blue  Half  of  the  Image  was  confufed  :  But  if  the  white  Paper  was 
brought  about  two  Inches  nearer  to  the  Lens,  the  Image  of  fhe  blue 
Half  became  diftind,  and  that  of  the  red  Half  confufed. 

I  tried  the  Experiment  with  a  Paper  coloured  half  Red  apd  half  Blue, 
fhp  Red  with  Carmine,  and  t}ie  Blue  ^th  Sn^alt,  mak^ig  the  Candle  to 

enlighten 
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enlighten  the  Paper^  (the  Room  being  otherwife  dark)  and  the  Expe- 
riment fucceeded  in  the  fame  Manner.  The  Experiment  thus  made,  is 
the  fame  that  Sir  Ifaac  Newton  gives  an  Account  of,  Book  i.  Part  i. 
Theor.  i.ofbU  Optics.  Only  it  is  to  be  obferved,  that  when  the  oblong 
Paper  is  coloured  with  Red  and  Blue  from  the  Prifms,  the  focal  Place, 
where  the  red  Part  of  the  Image  is  dillindl,  is  more  diftant  from  the 
Place  where  the  blue  Part  of  the  Image  is  diftinA,  than  when  the  Paper 
is  coloured  with  the  Painter's  Powders,  and  much  more  vivid. 

The  42"*  Figure  fhews  the  Projeftion  of  the  Paper  tinged  with  the  FJg.  42. 
Rays  ;  and  Ftg.  4j.  the  Projedtion  of  it  when  painted  \  where  a  black  pig.  ^. 
Thread  is  wrapp'd  round  the  red  and  the  blue  rart,  that  the  Diftindnefs 
of  the  Image  of  the  Thread  may  ihew  whea  the  red  or  when  the  blue 
Part  of  the  Image  of  the  Paper  is  moft  diftin<^. 

N.  B.  When  the  Candle  enlightens  the  painted  Paper,  fet  an  opaque 
Body  as  B  between  the  Candle  and  the  Lens ;  left  the  Image  of  the  Can- 
dle being  alfo  projeded,  fhould  difturb  the  Experiment 

Exf.  4.]  Having  made  an  Hole  of  7  Inch  Diameter  in  the  Window- 
Shut  of  the  darkened  Room,  I  fuffer'd  a  Sun-Beam  to  come  into  the 
Room,  which  I  intercepted  with  a  Prifm  at  the  Diftance  of  five  Inches 
from  the  Hole  ;  and  after  its  Refradion  in  paflTmg  through  the  Prifm, 
I  received  it  upon  a  Sheet  of  white  Paper,  where  it  was  coloured,  making 
an  oblong  Image  of  the  Sun  or  SpeHrum  of  about  nine  Inches  in  Length, 
and  two  in  Breadth  \  which  Breadth  was  nearly  equal  to  the  Diameter  of 
the  round  Image  of  the  Sun  received  upon  a  Paper  at  the  fame  Diftance 
from  the  Hole,  which  here  was  18  Foot.  Or  if  the  Sun  be  too  high,  a 
Looking-Glafs  being  put  in  the  Room  of  the  Prifm,  will  throw  a  white 
round  SpeStrum  upon  the  Paper,  which  held  at  the  faid  Diftance  of  18 
Foot,  will  have  its  Diameter  equal  to  the  Breadth  of  the  coloured  SpeSrum. 

The  Colours  of  the  SpeSlrum  were  thefe  ;  red,  orange,  yellow,  green, 
blue,  purple,  and  violet,  though  the  Violet  was  (o  faint  in  this  as  to  be 
fcarcc  perceivable.     See  Fig.  44.  Fjg.  ^ 

N.  B.  The  Axis  of  the  Prifm  in  this,  and  all  the  other  Experiments  t 

hereafter  mentioned,  muft  be  perpendicular  to  the  Ray  that  falls  on  it ) 
and  the  Plane,  into  which  the  Ray  enters,  muft  be  held  in  fuch  a  Pofition, 
that  the  Angle,  which  fuch  a  Ray  makes  with  that  Plane  when  it  en- 
ters, may  be  equal  to  the  Angle  made  by  the  middle  Line  of  thofe 
Rayswhich'emerae  after  Refra(Son,  on  the  other  Side  of  the  refradling 
Angle  of  the  Priun,  with  the  Plane  out  of  which  they  emerge.  That 
U^BDG  z:l^JEH. 

If  the  Plane  JC^  on  which  the  Sun-Beam  falls,  be  turned  nearer  to 
a  Perpendicular  to  die  Sun-Beam  than  before,  the  Spe^rnm  will  be  much 
longer :  If  it  be  more  inclined  to  the  faid  Beam,  the  SpeSlrum  will  be 
fliorter,  and  in  both  Cafes  lefs  diftinft.  See  the  Spe£lrum  DE  and  the  Fig.  45,46. 
Speifrum  de  where  Hh  reprefents  the  Hole  in  the  Window-ihut  in 
each  Cafe  5  AC^  ii  r  the  Plane  of  the  Prifm  on  which  the  Rays  enter  1 
jBC,  ^r  that  out  of  which  they  emerge  j  P,^  d>e  perpendicular,  ^d 
A  f  the  refrafting  Angle. 

Vol.  IV.  A  a  If 
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Fig  47.  '^  the  Plane  AC  be  ftill  more  oblique  to  His  all  the  Light  wiH  Ix 

reflefted,  and  there  will  be  no  coloured  Image  or  Spe&rtm  made  by  9lt- 
fraflion  at  all. 

But  if  it  be  held  fo  as  to  be  more  nearly  perpendicular  to  the  Sun- 
Beam  than  in  Eig.  47.  the  whole  Beam  will  indeed  enter  the  Prifin  5 
but  meeting  with  :8C  the  lower  Surface  of  the  Prifm,  or  rather  the 
Surface  of  the  Air  contiguous  to  it,  fome  of  the  Light  will  by  the  Hanc 
BC  be  refleded  tode^  pafllng  almoft  perpendicularly  through  AB-y 
and  the  reft  will  emerge  tlu-ough  BC^  and  by  Refraction  make  die  im- 

Fig.  4j.        perfcft  Speifrum  D  E.     See  Fig.  45. 

If  the  Sun-Beam  enter  AC  perpendicularly  and  in  the  Middle  of  it 

Fig.  48.  the  Light  will  be  all  reflefted  as  in  Fig.  48.  fome  of  it  by  the  Plane 
BCto  Ry  and  the  reft  by  the  Plane  AB  top-  »Butif  the  Beam  fall 
nearer  to  A,  (ftill  perpendicularly)  it  will  be  all  reflefted  by  the  IManc 
AB  i   if  nearer  to  J5,  it  wMl  fee  all  reflefted  by  the  Plane  BC. 

In  order  therefore  to  have  the  coloured  SpeBrmn  as  it  eu^t  to  be. 
Care  muft  be  taken  that  the  cmetging  coloured  Light  may  make  the 
fame  Angle  with  the  Plane  BC,  as  the  immerging  Light  does  with  the 
Plane  AC\  that  is,  the  Angle  A  EH  muft  be  equal  to  BDGj  as  was 

f^t*  44*  faid  before.  Fig.  44.  which  may  alfo  be  feen  on  the  enlightened  Daft  in 
the  Air.  But  the  beft  Way  is  to  turn  the  Prifm  on  its  Axis,  and  at  the 
'fame  Time  look  at  the  coloured  Spe^um,  which  will  rife  and  fall  and 
become  longer  and  fliorter  as  you  turn  your  Prifm  ;  and  between  the 
-Afcent  and  Defcent  of  the  Image,  will  appear  ftationary ;  diere  ftop 
*the  P'rifm,  and  the  Refleftion  will  be  fuch  as  k  required  for  all  the  Ex- 
periments hereafter  mentioned. 

In  order  to  have  the  Prifm  move  freely  on  its  Axis,  and  ftop  any 
^here,  I  fixM  each  End  of  it  into  a  triangular  Collar  of  Tin,  from  the 
OEnd  of  which  came  a  Wire,  which  was  the  Axis  of  the  Prifm  produ- 
ced ;  and  fo  I  laid  it  on  two  wooden  Pillars,  with  a  Notch  on  the  Top 
to  receive  the  Wires,  and  fixed  it  to  a  fmall  Board  juft  bfoad  enough  to 

f%.  49*        ftand  faft.    See  Fig.  49. 

Exp.  5.]  I  took  the  Prifm  CD,  and  thro'  it  looked  at  the  coloured 
SpeSrum  R  P,  which  appeared  then  round  and  white  as  at  S,  juft  as  if 
it  had  been  the  Sun's  Light  received  on  a  Paper  from  the  Hole  #,  and 
feen  with  die  naked  Eye.  In  this  Cafe  the  Prifm  CD  muft  be  hdd  tlf 
iireSum  with  AB^  and  the  refra(6)ing  Angles  in  the  two  Prifins  muft  be 
equal.  This  Sp$flrum  appearing  white  but  juft  in  one  Point,  is  ma 
fo  readily  found  ;  but  the  beft  Way  is  to  look  through  Ae  feme  Prifin 
AB  which  makes  the  Speffrum^  which  may  eafily  be  done  if  it  bc-prcaj 
iong,  and  then  R^'P  will  be  feen  white  and  round,  and  as  at  ^»  as  ff 

Fig.  JO.        coming  diredly  from  H.     See  Fig.  50. 

'E9(p.6.']  I  held  a  broad  Lens  L  /,  ground  to  a  Radius  of  2  f  Feet,  in 
fuch  Manner  that  the  whole  coloured  SpeSrum  fell  upon  it ;  and  after 

fig.  51.  R^fraftion  aU  the  Colours  appeared  to  converge,  if  reoelved  on  a  Pa* 
^r  ?&fp  \  but  <wlien^fhc  Paper  was  held  in  ihe  Focus-at  P-rxi'^  Y6hr 

tio0 


Lights^  and  Cdlotirsrepeettedi  179 

tioftr-Z^T^  the  Spedrum  wto  round  and  pcriaiy'wMte  by  the  Uhiotf  of* 
aU  die  coloured  Rays.   If  the  Paper  was  held  at  n  n^  the  Colours  appear- 
ed tp  diverge  from  each  other^  but  then  the  red  was  uppermoit,  which 
before  ufcd  to  be  the  loweft,  and  fo  on  in  an  inverted  Order. 

I  tried  the  fanse  Experiment  with  a  Lens  of  one  Foot  Radius,  with 
one  of  9  Inches,  and  with  another  of  7,  and  the  Succefs  was*  the  fame* 
See  Fig.  51.  whoe  the  J20,  Tj  G,  5,  JBI,  P,  T,  exprcfs  the  Colours.  Fig.  su 

N.  jS.  Care  muft  be  taken  that  the  very  End  of  the  Red,  and  the 
Extreroity  of  the  Violet,  be  taken  in  by  the  Lens  ;  otherwife  the  Spec* 
trum  will  not  be  peiie&ly  white  widi  the  Glafs's  Focus. 

There  is  no  fixed  Diftance  of  the  Prifm  from  the  Lens,  but  it  ought 
to  be  brought  fo  near  the  Prifm,  that  the  two  Ends  of  the  SpeSnm 
may  fall  nearer  the  Axis  of  the  Lens  than  the  Edges  of  the  Lens ;  be« 
ajsk  there  the  R^ra&ion  is  not  fo  regular. 

Behind  the  Lens  £,  which  made  the  Colours  converge  into  white  aC 
the  diftind  Bafe  or  Focus  F,  I  placed  the  Lens  /,  which  made  the  white 
be  at/  the  diftind  Bafe  of  the  two  Glaies  combined  *,  and  the  Experi* 
iqent  fucceeded  as  before*    Fig.  52.  Kg-!!s»» 

When  the  Paper  was  held  in  the  Focus  of  the  Lens,  fo  as  to  receive 
die  white  Imag^  of  the  coloured  Speffrum  projected  by  the  Lens  ;  if 
with  a  Card  I  intercepted  the  red  Ray,  the  white  appeared  ringed  with 
pvrple,  and  if  I  intercepted  the  violet  or  purple  Ray,  or  both,  the  white 
appeared  ringed  with  red  \  and  if  the  red  was  intercq)ted  at  the  fame 
Tune,  die  SpeBrum  appeared  to  be  a  Mbcture  of  yellow,  green  and  blue. 
I£any  fingle  Colour  was  fuSered  to  fall  upon  the  Lens,  the  reft  being 
intercepted,  that  Colour  would  continue  the  fame ;  only  it  would  be 
mere  intenfe  in  the  Focus  of  the  Lens. 

Exp.  7.]  I  took  a  Board  {Fig.  53.)  fi&i  which  ftood  reclining  on  apu  jj; 
Prop  /,  having  an  Hole  of*  a  Quarter  of  an  Inch  Diameter  ^  b^  and  be* 
hiad  it  a  Prifm  B  fupported  on  two  Props  as  abovemeiitioned,  fo  as 
to  turn  eafily  about  its  Axis ;  and  having  fet  this  Board  on  the  Ground 
iritb  the  Prifm  behind  it  at  ^  ^  by  turning  the  Prifm  AC  about  its 
Aais^  I  firft  made  the  red  Ray  of  the  coloured  SpeSrum  pafs  through  the 
Hdti^  and  fall  obliquely  upon  the  f(%Qnd  ¥n&n  B.  This  Ray  after 
its  Refra&i<m  in  paffing  through  the  fecond  Prifm>  was  carried  up  to 
t^  Ciating-of  th^  Room:  at  the  Place  maiked  R  i  then  I  made  the  purple 
Ray&li  upon  die  Board,  and  pafs  through  the  Hole  /ft,  as  the  red  had 
done  befpre  y  and  aft^  Refrad^  throu^  thePriim  B  ic  was  carried  up 
dfe  Cdlji^  at  P.  And  the  green  Ray  being  afterwards  made  to  pafs^ 
tbf  fsomd  PrHbi  ii^  the  fame  Manner,  went  up  to  G :  And  fo  of  all  the 
iafermediate  Rayi,,  which  were  by  this  fecond  Refra£tion  thrown  to  the 
iqnn^ediate- Places  on  the  Ceiling  between  R  and  P. 

Care  is  to  be  taken  that  the  fecond  Prifm  be  placed  oblique  to  the 
R^sh  which  oiKne  through  the  Hole  l^i  left  they  be  refle&ed,  as  they 
would  be,  if  the  Board  being  in  the  Pofitlon  ^S,  and  the  fecond 
Pr{iTaiatWPQfitimiZ»i^A/>  the  Ray:  from  the  firft  Prifm  be  j*.-,  for 
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Fig.  54-  then  It  will  be  rcfleftcd  upwards  to  «•  inftead  of  being  refradted,  Ftg.  54- 
Neithcr  muft  the  Plane  of  Immerfion  be  too  oblique,  left  the  Incident 
Ray  be  reflefted  downwards  by  it,  as  the  Ray  jR  i&  is  by  the  Prifm  B 
Fig.  55-  thrown  to  £,  in  Fig.  55.  Several  have  confeflfed  to  me  that  they  at 
firft  ufed  to  fail  in  this  Experiment,  for  want  of  fetting  the  fccond  Prifm 
in  a  due  Inclination. 

Though  the  Colours  by  the  fecond  Refradion  on  the  Ceiling  appear- 
ed unchanged,  when  feen  by  the  naked  Eye,  yet  if  viewed  t&ough  a 
Prifm,  they  afforded  new  Colours,  (except  fome  Part  of  the  Red,  and 
fome  Part  of  the  Violet)  which  was  owing  to  their  not  being  fuUy  fc- 
parated  ;  for  which  Reafon  I  made  the  following  Experiment,  to  prove, 
that  if  the  Colours  be  well  feparatcd,  they  are  truly  homogeneal  and 
unchangeable. 

N.  B.  When  the  Prifms  are  good,  and  no  Clouds  are  near  the  Sun, 
.  the  Extremity  of  the  Red  or  Violet  will  afford  unmixed  Colours  in  this 
Experiment ;  otherwife  not. 

Exp.  8.]  Having  made  a  Hole  in  the  Window- Shut  2  Inches  wide. 
Fig.  56. :  I  applied  to  it  a  Tin-plate,  which  Aiding  up  and  down  hid  all  this 
Hole  in  the  Wood,  and  only  tranfmittcd  a  fmall  Beam  through  its 
own  Hole  //,  whofe  Diameter  was  =  ,-S  Inch.  This  Beam,  by 
Means  of  the  Looking-Glafs  L,  placed  on  the  Board  of  the  Win- 
dow XfVy  I  refleded  horizontally  to  the  other  End  of  the  Room. 
But  to  correft  the  Irregularity  of  the  Refleftion  of  the  Looking-Glafs, 
I  made  Ufe  of  the  Frame*  of  Pafte-board  P^,  which  had  an  Hole  in  if, 
h  of  .Jj  Inch  likewife  •,  and  placing  it  at  Ppy  I  fufFered  fome  of  the  re- 
flefted  Beams  to  pafs  through  it,  To  as  to  fall  upon  the  Lens  FE  (con- 
vex on  both  Sides,  and  ground  to  a  Radius  of  4  ~  Feet)  at  the  Di- 
ftance  of  9  Feet,  fo  that  me  Image  of  the  Hole  b  was  projefted  to/ 
on  the  other  Side  of  the  Glafs,  at  the  Diftancc  of  9  Feet  more.  Juft 
behind  the  Lens,  which  by  a  Screw  in  the  Stand  S  might  be  raifed  or 
fet  down,  fo  as  always  to  receive  the  Beam  along  its  Axis,  I  placed  a 
Prifm  A  (upright  on  one  of  its  Ends  and  eafily  moveable  about  its  Axis, 
by  reafon  of  its  Wire  turning  freely  in  an  Hole  in  the  folid  Kecc  of 
Wood  7*,  which  ftood  on  another  Stand  behind  the  Lens)  as  near  as  I 
could  to  the  Lens  £F,  fo  that  the  Image  of  i&  inftead  of  being  round, 
white,  and  projcfted  tof^  was  cafl  fidewife  on  a  white  Paper  itretched 
on  a  Frame,  and  appeared  coloured,  and  30  or  40  Times  its  Breadth, 
as  at  MN.  The  Colours  in  this  Cafe  were  very  vivid  and  well  fepa- 
rated,  only  the  Violet  had  fome  pale  Light  darting  from  its  End,  upon 
Account  of  fome  Veins  in  the  Prifm  yf,  and  the  Light  not  coming  di- 
rcftly  from  the  Sun,  refiefted ;  which  ought  not  to  have  been,  if  the 
Sun  had  been  low  enough  to  have  thrown  the  Rays  a  good  Way  into 
the  Room  without  the  Help  of  a  Looking-Glafs. 

To  (hew  that  the  Colours  in  this  Speifrum  were  fimple  and  homoge- 
neal Lights,  I  made  the  following  Experiments. 

Exp.  Q.]  Having  made  an  Hole  b  in  the  Paper  which  received  the 
colourea  Speffrum^  I  fufier'd  the  red  Light  to  pais  i  which  being  re- 

fraftcd 
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fiafted  by  a  fecond  Prifin,  fell  upon  anochej  Paper  at  7,  where  it  ap- 
pealed ftUl  red^  whether  feen  with  the  naked  Eye  or  Prifms  of  different  Fig.  $;• 
rcfrafting  Angles.  To  the  Eye  which  law  it  through  the  Prifm  V^  it 
appeared  indeed  lower  as  at  /»  but  red,  round  and  unchanged.  I  made 
the  Experiment  upon  all  the  Colours,  which  by  this  Means  appeared  to 
be  (unpie  and  homogeneal.  Sec  Fig.  57.  where  the  lame  Letters  denote 
the  Lens,  Prifm  and  firft  Paper. 

Throi^  the  fame  Lens  and  Prifm  the  SpeHrum  was  made  to  fall  on 
a  Book  \  then  through  the  Prifm  F  it  appeared  unchanged  ;  and  the 
Letiers  in  the  Book  which  crofs'd  the  Speihrum  were  as  diftinA  as  when 
feen  with  the  naked  Eye.     See  Fig.  58.  Fi&  S'- 

N.  B.  The  Axis  of  the  Prifm  F  ought  to  be  perpendicular  to  the 
long  Axis  of  the  Speffrum  sm  thrown  on  the  Book,  which  will  appear 
as  at  0-  fc  -,  and  the  Prifm  in  the  Pofition  reprefented  at  F,  with  its  flat 
Side  towards  the  Nofe :  For  that  is  the  moft  ccHivenierJt  Pofition  for 
looking  at  the  Speifrum  in  thefe  Experiments. 

I  fuiferM  the  purple  Ray  only  to  pafs  through  the  Hole  b^  and  fall 
upon  a  Book  at  P,  the  Letters  of  which  appearM  at  at,  and  were  as  di- 
ftind  through  the  Prifm  ^as  when  feen  with  the  naked  Eye  -,  and  I  had 
the  fame  Succefs  with  all  the  other  Rays.     See  Fig.  59.  Fig.  jg. 

But  if  a  Sun-beam  as  r  comes  through  the  Hole  H  diredUy  upon  the 
Book  at  IVy  an  Eye  looking  at  it  through  a  Prifm  at  X  will  fee  this 
Beam  at  r  oblong  and  coloured,  and  the  Letters  on  which  it  falls, 
confufed.     See  Hg.  59. 

N.  B.  The  Lens  ought  to  be  very  good,  without  Veins  or  Blebs,  and 
ground  to  no  lefs  a  Radius  than  I  mentionM  in  the  Experiment ;  though 
a  Radius  of  a  Foot  or  two  longer  is  not  amifs.  The  Prifm  ought  to 
be  of  the  lame  Glafs  as  the  ObjeA-Glalles  of  Telefcopes,  the  white  Glafs, 
of  which  Prifms  are  ufually  made,  being  commonly  full  of  Veins.  And 
the  Room  in  thefe  laft  Experiments  ought  to  be  very  dark. 

A  few  Days  after,  having  got  very  good  Prifms  made  for  the  Pur* 
pcfe  of  the  abovementioned  Glafs,  I  made  all  the  Experiments  over 
again,  before  fevcral  Members  of  the  Royal-Society^  with  better  Succefs  5 
and  had  the  SpeSrum  very  regularly  terminated,  without  any  pale  Light 
darting  from  the  Ends  of  it.  • 

For  a  further  Account  of  Experiments  to  this  Purpofe^  fee  Sir  Ilaac  New- 
ton*/ Optics^  Book  I.  Part  i.  to  which  I  might  have  referred  the  Rea- 
der altogether ;  but  that  I  was  willing  to  be  particular  in  mentioning 
fuch  Things  as  ought  to  be  avoided  in  making  the  Experiments  above- 
mentioned;  fome  Gentlemen  abroad  having  complained  that  they  had 
not  found  the  Experiments  anfwer,  for  want  of  ;fufficient  Direftions  in 
Sir  Ifaac  Newion^^  Optics ;  though  I  had  no  other  Directions  than  what  -^  Expcri- 
I  found  that.  ;--^; 

trtm  of  Rc- 

IL  After  xhcExperimentum  Crucii  made  by  two  Prifms,  I  fliould  not  frangibility, 
give  the  following  Experiment,  but  that  it  is  fo  cafy  to  be  made,  that  hj*^  ^!t^t. 


hj,  It  thofe  wha  want  the  J^f^^tus  (or  ai?e  unwill^  to  be  at  the: 
Pains)  tani^k^  die  Ex^erimemumQmHsj  t^f  at  any  TimerfatUCy  tbem- 
feives  of  the  Tru^thi  of  the-  forcEpentioned  Doftrii^e. 

Let  the  Candle  A^  be  fet  boforo  tbeiBar  of  a  Chimneys  Looking-Glafi, 
Fig.  60.  fuch  asr  is-  reprefenced  byTiy//,\Eig^6a*  which  is  a^  Piece- of  Looking- 
Giais.  Plate  confifting  of  four.  Planes,  feen  in  the  Se^on  of  it  4/i  /?» 
viz  d&,  which  is  quick-filver'd  behind,  fa,  a  Plane  parallel  ta  it,  fd 
jom  of  the  Side-planes  bezzell'd  towards  dg^  or  inclined  to  it  in  an 
Angle  of  about  40  D^rees,  (though  froim  30  to  ^p  will  do,  but  the 
greater  tlie  Angle  the  better,  if  it  docs  not  exceed  45^.)  a0  the  other 
Side-plane  inclined  in  the  fame  Angle  to jS  d. 

The  Rays  of  the  Candle  which  come  fron;i  .^to  >  fall  obliquely  on.  the 
Plane  *5;  fo  that  inftead  of  going  on  toa^  they  are  by  Refradion  made 
to  incline  more  towards  the  Perpendicular  ^j^,  namely^  to  go  on  in  the 
Line  >  4:,  and  then  are  refleded  from  the  Point  €  on  the  quick-filvo^d 
Surface,  in  the  Dire6lionrx,  fo  as  to  make  the  Angle  Kcd zz^yc  B. 
Now  asr  the  Rays  which  would  go  to  x,  if  not  retraced,  entiei^e 
x>bliquely  from  the  Fl^ne  « ^  they  leaye  the  Diredion  c  «,  and  decline 
from  the  Perpendicular  t  7,  and^  being  difierently  refraded^  open  into, 
four  differently  coloured  Rays,  vm.  ^iiaredRay,  ^T'Oa.Ray  made 
up  of  orange  and  yellow  \^bQB  2^  Ray  i»ade  up  of  green  and  Uuc,  or 
a  Sea-^ee|i9  and  bP  z,  purple  Ray. 

If  from  the  jpiace  E€  you  look  full  upon  the  Point  b^  the  SpeSrum  or 
Image  of  the  Candle  at  b  will  appear  double  ;  but  not  mixed ;  that  ia, 
there  will  appear  a  Sea-green  Spot,  aad  a  red  Spot,  as  it  were,  one  upon 
another,  but  not  fo  as  to  produce  a  mixed  or  intermediate  Colour.  Thea 
if  the  right  Eye  or  .Eye  at  £  b«  Ihut,  there  will  appear  only  a  green 
Spot  to  the  Eye  at  ^ ;.  if  ihe  Eye  at  /?  be  (hut,  the  Eye  at  E  will  fee  only 
a  red  Spot.  * 

If  you  come  nearer  to  ^,  fo  that  the  Eyes  at  §  i,  §2  receive  the  moft 
and  the  ieaft  refrangible  Rays^  there  will  be  a  double  SpeOrum^  viz.  a 
red  a^d  a  purple  one  jufb  toucbiag».or  upon  one  another :  And  die  PhaD- 
Fig.  60.       jiomenw  will  anfwier  a9  befins^  Fig-  60. 

If  keeping  hotih.Eycs  op^n«  you  dircd  their  Axes  towards  0  a  Point 
Fig.  61.  nearer  than  the  ufual  Place  of  the  compound  SpeRrtm  Sy  Fig.  61.  which 
Po^itis  in  ar  Line  frorn  the  Nofe  JV^  ti^  the  Point  S\  or  in  other  Words, 
if  you  look  ^^0^  or  ^  the  Ead  of  your  Finger  heki  in  G>  the.ied. 
and  the  bliie  (01;  pucple  Spot)  will  appear  to  be.  divided  from  each  other 
Fig-  6«»  after  the  Mantis  r^riefented  at  j^  r  in  Fig.  62.  where  the.  rod  will  appear 
to  be  on  the  Right-hand,  and.  the  blue  on. the  Left; 

To  mafee  plswi^wiiat  is  meantx  by^  feeing  the  SpftSfraj^.aDdr  whilft  we. 
Iwk  fvdl  ^t  .(^Ibf^.Leaye  to  exphin  theBiftii^aioti  between  Jiwkaig  and 
feeing ;  that  I  may  the  better  Ihew  how  this  Phenomenon  pconres  that  tbcL 
.Senlation  of  different  Colours  is  caufed  by  Rays  differendy  refraded. 

PeSm(m  ^l  Tb«<)^4i^i;iftail;jniw         g;oii«.thro*  theCeater 

.at 
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r 
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ihe  poSirine  t>f  Refrangibility.  t  %^ 

tjfthe  Convexity  of  all  the  Coats -and  Humours  of  the  Eye,  tdk  up6tt 
the^iddle  of  the  'Retina^  as  *  ii  or  Aa^  T'ig.  63.  Fig.  6j. 

Dtf.  2.3  To  lo<fk  at  any  Pomt,  is  to  turn  both  Eyes  towards  it  in 
ftch  Manner,  that  the  Optic  Axes  making  an  Angle  at  the  faid  Point  as^, 
the  "ftays  from  a  may  have  the  Optic  Axis  for  their  Axis,  and  (by  their 
Convergence  upon  the  Retina  after 'Refra6tion  m  the  Eye)  may  paint  the 
'  Image  df  the  faid  Point  tipon  the  Middle  ctf  the  Retina  of  each  Eye, 
where  the  Optic  Axis  in  each  Eye  falls. 

Def.  3.]  To  yZ'^  without  hdking^  is  to  dircft  the  Opfic  Axis  to  fome 
-other  Pfece  than  to  the  Point  which  is  then  feen.;  and  in  fucha  Cafe,  the 
^mage  of  tte  Point  feen  will  be  projcfted  upon  a  Part  of  the  Retina  of 
caclnBye,  where  the  <X>ticA3ds  does  not  fall,  namely ,  either  nearer  ta 
the  Nofe  JV,  as  in  Bg.  61.  at  the  Points  of  the  Retina  mafk'd  » ;r ;  or  far-  Kg-  6i. 
-thcr  fhwnthe  Nofe  thean  the  Middle  of  the  Retina j  as  at  ^^  in  Fig.  64.       Fig.  64*^ 

Whatever  is/een^  by  being  Iddk^d  at  with  both  Eyes^  always  appears 
Jingle,  by  reafon  of  theComnuinication  between  the  Middle  of  the  R€- 
fina'm  one  Eye,  and  the  Middle  of  the  Retina  of  the  other ;  there  be- 
ing no  fnch  Communication  between  any  other  Part  of  the  Retina  in  one 
Eye,  and  the  correfpondent  Part  of  the  Retina  in  thfe  other,  when  thefc' 
correfpondent  Parts  are  equally  diftant  from  the  Nofe. 

^ere  is  indeed  a  Communication  ietvreen  the  nervous  Fibres  on  tie  Right- 
Jiie  of  the  Retina  ef  one  Eye^  and  the  nervous  Fibres  on  the  Rigbt-Jide  of  the 
Retina  of  the  other  Eyi^  andfo  of  thofe  on  the  Left ;  but  no  Jingle  ObjeS 
€an  befo  painted  in  each  Eye^  as  to  have  its  Image  on  the  right  or  left  Part 
of  one  Retina  that  communicates  with  the  fight  or  left  Part  of  the  other y  of 
the  fame  Bignefs  and  at  the  fame  Time  as  in  the  other  \  becaufe  in  whatever 
Portion  the  ObjeSt  is^  it  muft  be  nearer  to  one  Eye  than  to  the  other^  except 
is  kejujt  in  a  Line  from  the  Nofe  betwixt  the  two  Eyes  fireight  forward. 

Hence  it  is,  that  if  there  be  two  Candles  fet  before  any  one,  the  firft 
at  the  Diftance  of  one  Foot,  and  the  fecond  at  the  Diftance  of  two  Feet, 
from  the  Eyes  ;  he  that  looks  at  the  fecond  Candle  at  B  will  fee  it  fin- 
gie,  but  fee  the  firft  Candle,  or  the  Candle  A  double  j  one  Appearance 
Deing  in  the  Line^jD>,  the  other  in  0  AE^  becaufe  it  paints  itfelf 
upon  ^^  in  die  Retina  of  each  Eye ;  which  Points  are  not  the  middle 
Points,  but  farther  from  the  Nofe  than  the  Middles  m  m. 

So  if  J?  be  the  firft  Candle,  and  C  the  fecond,  he  that  looks  at  B  will 
Ifec  C  double,  becaufe  it  is  painted  in  the  Retina  at  the  Points  n  n  nearer 
the  Nofe  than  mm  \  and  fo  wiH  appear  to  be  in  the  fame  Pofition  as  p  r, 
in  Fig.i^i.  'f«-  62: 

If  >P  be  two'Candles  To  difpofed,  that  by  thelnterpofition  of  a  per-  ^1%.  6$. 
forated  Board  FFy  y  can  paint  itfelf  only  in  Ae  Eye  K,  and  ^  in  the 
ByeL.  Upon  making  the  Optic  Axes  meet  at  5,  and  to  tend  towards 
f  and  >,  f  ^d  y  will  each  paint  an  Image  on  the  Middle  of  the  Retina 
of  each  Eye,  by  xroffing  their  Rays  at  B:  And  thus  the  two  Candles 
w21  appear  to  w' but  one,  or  rather  to  'be  in  one  Place,  upon  the  Ac- 
count of  thcCommunication  df  die  Middle  df  each  Retina.    But  if 

inftead 
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inftead  of  the  Candles,  c  be  a  Piece  of  red  SUk,  and  y  a  Piece  of 
green  Silk,  the  fame  Pofition  of  the  Eyes  will  make  an  Image  at  B^ 
appearing  like  a  red  and  green  Spot  together,  without  a  Mixture  of  Ac 
Colours.  If  f  be  a  red  hot  Iron,  and  y  a  Candle  of  Sulphur,  the  Pha- 
nomenon  will  be  more  diftinft.  If  the  Optic  Axes  be  turned  dire£Uf 
towards  y  and  f,  as  if  there  was  no  Board  FF  in  the  Way,  there  will 
appear  two  Holes  in  the  Board,  the  one  having  the  red  hot  Iron  in  it, 
the  other  the  Candle. 

Fig.  6o,  Now  if,  of  the  refraftcd  Rays  of  the  Candle  in  the  firft  Cafe,  thofc 

which  diverge  from  each  other,  fo  as  to  fall  into  each  Eye,  caufe  the 
fame  Senfations  refpeitively,  as  the  Rays  which  come  from  a  red  hot 
Iron,  and  thofe  which  come  from  a  blue  Candle  ;  it  is  evident  that  the 
Candle  in  the  firft  Cafe  affords  red-making  and  blue-making  Rays  after 

Fig.  60.  Refraftion,  and  that  thofe  Rays  are  differently  refran^ble  ;  the  red  iiJ 
the  leaft  refrangible,  as  declining  lefs  from  the  Perpendicular  mm\  and 
the  purple  2s  bP^  declining  moft  from  the  faid  Perpendicular. 

The  fame  will  (ceteris paribus)  be  found  true  in  the  intermediate  Rays, 
and  to  be  certain  that  the  Experiment  is  as  I  have  related  it,  the  Planes 
It/ and /i  of  the  Bar  may  be  covered  with  Paper. 

JtnUnhfer/al      HL  The  Finding  of  the  Foci,  both  in  Dioptrics  and  Catoptrics,  cafily 

fo  ^t^*?i^*  follows  from  the  Calculation  for  the  Curves  called  Cauflics.    For  no- 

rJ!^%  Mr,   ^^^^g  n^or^  ^  required,  than  that  the  Locus  may  be  known  in  which 

H.bitton,  n.  the  Radius  (perpendicular  to  the  Cui-ve  either  refrafting  or  reflefting) 

295.  p.  1 8 10.  is  a  Tangent  to  the  Diacauflic  or  Catacauftic  Curve.     Concerning  whidi 

Method  Mr.  Hayei*%  Book  of  Fluxions  lately  publifhed  may  be  con- 

fulted.   We  fhall  undertake  the  Matter  upon  other  Principles,  as  far  as 

Catoptrics  are  concerned. 

Fig.  66.  Let  D£F  be  a  Portion  of  a  concave  Spherical  Speculum,  whofc 

Center  is  5,  Semidiameter  BE  ox  BD  \  alfo  let  yf  be  a  radiating  Point 

placed  in  the  Axis,  from  whence  proceeds  the  Ray  AD-,  which  at  the 

Point  D  is  reflefted  in  DC.     Now  the'Diftance  of  the  Focus  C,  from 

the  Vertex  of  the  Speculum  £  is  to  be  inveftigated^ 

It  is  to  be  obfcrved,  that  we  fuppofe  the  Point  D  to  be  very  near  £• 
For  the  remoter  Rays  go  befide  the  Eye,  which  we  place  in  the  Axis 
♦  AE^  nor  do  they  contribute  any  Thing  to  Vifion.  And  becaufc  of  the 
indefinitely  fmall  Arch  2)  £,  the  Angles  DAB^  ADS^  and  alfo  their 
SumD^C,  are  the  (malleft  pofTible,  and  therefore  will  have  the  fame 
ratio  to  one  another  as  their  oppofite  Sides.  By  making  this  the  Prin- 
ciple of  his  Reafoning,  Dr.  /&%,  Profeffor  of  GccHnetry  at  OxfarJ^ 
arrived  at  his  Dioptricd  Theorem. 

Thefe  Things   being   orcmifed,    let  AS=bj   BD  k:  BE  =  r, 

BC=  Zy  Cj£:=zr  —  2,  which  for  Brevity  we  will  call/.     The  Quaa- 

titles  b  and  r  are  known  ;  for  the  Semidiameter  of  the  Speculum,  and 

the  Diftance  of  the  lucid  Point  from  the  Vertex  are  given ;  but  z  and 

/  are  unknown  and  required*     Now  in  the  Trian^  DAB^  it  will 
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U Ai%.  D  AU .  jfDfi::  r.  If.  ^  AUb  in  the Trianglei)  BC^*tk  Ao^^ 
BDC^ADBftom  the  Nature  of  Refieaion  »  aod  Ang,j&£Cr? 
DJB  +  jfDByhyEl.  Eucl.  Therefore  fince  Ang.  D  J?  C  is  as  r  -\-\ 
and  Aug.  SDCas^^itwiUbedlfo  Ang.  D  ^  C .  J  D  C : :  r  4.  i '.  ^. 
And  then  it  follows  from  the  Principle  above-mentioned,  DC  ^  BCll 
r  +  h.b.  But  becaufe  the  Pmnt  2>  is  verf  near  the  Pdnt £, D C will 
bee&imatedasequaltoC£}  and  therefore  it  will  be  C£.£C::  r^k 
.  by  that  is,/.  zWr^b.b.  And  by  comparing  the  Sums  of  the  An- 
tecedents and  Confequents  to  die  Antecedents,  /-J- z.fWr  4-2  b . 
r-{-b.  But/+z  =  r,  therefore  r  ./::  r -1- 2  **.  r -I- ^,  whence  /  = 

If  we  make  r  +  *  =  ^£  =  if,  the  Theorem  will  be  abbreviated 

r  d 
thus  /  =  — ~- —    But  in  either  Cafe  the  Theorem  will  fenre  for  find- 
2  d  —  r 

ing  the  Focus,  whatever  be  the  Form  of  the  Speculum^  or  the  Conditicm 
of  the  Rays. 

Corol.  I.  It  willbezi/=J/— r/,  or  JE  x  BC  szAB  xC E^  m 
which  is  the  fame  Thing,  the  Line  yf  iS  is  harmonically  divided  in  the 
Points  ^,  Bj  C,  E.  For  the  foregoing  Equality  of  ReAangles  is  the 
Property  of  a  line  divided  in  harmonical  Profx^mon.    This  aj^pears  to 

be  true,  becaufe/ a — =-! — ,  and  z  =  r^^fzz  r — — j i  whence 

2  tf--^r  2  a— r 

by  fubftituting  thefe  Values,  the  Equation  becomes  plane.    So  that  in 

every  fpherical  Speculum,  the  Lines  DJjDBjD  C,  D  ^,  are  Harmo- 

meals  I  and  the  radiating  Pointi  the  Center,  the  Focus,  and  the  VerteJTj 

are  Points  that  conftitute  an  harmcmical  Divifion. 

Corol.  2.    Firft,  if  you  make  1/  7-  r,  (hm  by  the  CalcuTariori  /,  or 

rd  1 

—J ,  is  alwas  greater  than-  r.    That  ts,  if  theJDiftance  of  the  ra- 

diadng  Pomt  is  greater  than  the  Semidiameter  of  the  Speculum,  the 
Kftance  of  the  Focus  will  always  be  greater  than  a  Quarter  of  the  pi» 

Meter. 

Alfp  it  will  always  be      J^     x:  r.    That  is,  the  Diftancc  of  the 

Focus  will  always  be  lefs  than  the  Semidiameter  pf  the  Speculom- 

Secondly,  If  yoii  mkt  d^  r,  it  wUlbe/=..  uA.,  ^r.    Thiti, 

tf  Ac  radiating  Point  be  placed  iij. the  Center  of  itkS«culum,itt  Image 
^  there  be  united  widik.  y. 

Thirdly,  if  yott  ptt:^^r^  ^.  the  fij^peflUa  of/  will  cither  bt 
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pofidv)^  or  negative,  or  infinite,  according  as  the  Qttan^ty  ^  d]s  6^ 
tber  gr^tter  orlefs  than  the  Quantity  r,  or  equal  to  it. 

If  2  dyfy  that  is,  if  iT-^r,  then  the  radiating  Point  and  die 

Focus  lie  on  the  fame  Slide  of  the  Speculum. 

If  a  d  v;r^  or  d^—r^  then  the  Image  will  be  in  the  Axis  of  the 

2 

Speculum  produced  beyond  the  Vertex. 

If  2  ^  s=:X>  or  dz=L  -Lr,  the  Image  is  at  an  infinite  Diftance,  or.  the 

2 

refleded  Ray  becomes  parallel  to  the  Axis. 

CoroL  3.  It  may  be  determined  very  readily  by  Means  of  this  Cal- 
culus, how  the  Motion  of  liie  Image  correfponds  with  the  Motion  of  the 
^^adiating  Obje£t  in  refpeft  of  the  Speculum.    Let  the  Diftance  of  the 

Image  from  the  Speculum  be  as  before  —Ji — ,  when  the  Diftance  of 

the  bbjeft  is  d.    Now  let  the  Diftance  of  thr  Objed  be  any  how  chan- 
ged, and  of  J  let  it  become  n  i,  making  n  to  ftand  for  any  Number 

dr 

Integer  or  Fraftion.  Then  inftead  of  the  former  Equation/  =  -_ ,wc 

2  »-^  r 

ndr 

Ihall  have  another  Equation  to  a  new  Focus  F= . .    And  if  n  is 

^  2nd  —  r 

'  fubpofed  to  ftand  for  an  integer  Number,  this  fecond  Diftance  of  the  Ob- 
j€&  will  be  greater  than  thefirft  %  but  if  n  be  a  Fradion»  then  it  will  be 
lefs  than  the  firft. 
Thefe  Things  fuppofed,  if  J7  r,»d  »  be  an  Integer,  it  will  be  F^/, 

thatis, it  wiU be  _^^^— fH—, orinddr^ndrr  r:2Mddr 

—^rr  as  is  maiufeft.That  is,  in  a  concave  Speculum  if  the  Diftance  of  the 
Obgeft  be  greater  than  the  Semidiameter,  then  the  ObjeA  withdrawing 
from  the  Speculum,  the  Image  will  approach  nearer  the  Speculum. 
Again,  let  Ji  denote  a  Fra£don,  and  then  it  will  be  found,  that  inddr 
^^ndrr^  2  nddr '-^drr^ or F^f.    Thatis,  as  the  Objeftap- 

5 roaches  nearer  the  Speculum,  die  Image  at  the  &me  Time  will  wimr 
law  farther  from  it. 

Now  let  it  befuppofedthat  i  TT  t^}  and letn^beanyothet  Diftance 
oftheObjeft,  which  is  always  lefs  than^r.  Then  will  2  «  ^<r — ndrr 
and  2  » 1^1/ r-— if  rr  be  negative  CJuantities,  otndrr — znddrmd 
drr^^2nddr^TXi\x: p^itive  Quantities.  And  if  «  be  an  integer 
Number,  then  vf^ndfr^^znddr':^  drr  ^2ndd  r^fxFrrf* 
.  But  if  » be  a  Fniaion,  then  win  »  rfr  r  —  2#i/iJr  ^  Jrr  — 2  #il  ir, 
9iPsf-   That  is^ifia  the  Concave  SpepulumtheDiftwceoftiie  Ob- 
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jeftbe  lefi  than  a  fourth  Part  of  the  Diameter  of  the  Speculum^  then  the 
ObjeA  withdrawing  from  the  Speculum,  the  Image  will  withdraw  alfo. 
Or  if  the  objeft  approaches  towards  the  Speculum,  the  Image  will  alfo 
^proach  towards  it. 

Now  all  thefe  Conclufions  which  we  have  deduced,  by  tracing  the  f'oot- 
fteps  of  the  Calculation,  are  included  in  one  Scholium^  which  ut.  Gr^ory^ 
Profeflbr  of  Aftrooomy  in  the  Univerfity  cSOicfard^  has  ddivered  in  his 
Catoptricks. 

Carol.  4.    IntheEquation/ss    ^^  ,  ifi  be  fuppofed  infinite,  it 

will  be/s  4r»  which  is  a  Rule  for  parallel  Rays,  or  for  a  radiading 
Objeft  placed  at  an  infinite  Diftance.    The  fame  Thing  will  follow*  if. 

»  be  made  infinite  in  the  Equation /=lL±-!ll 

dr 
Orri.  5.  In  the  Equation --^£-.=:/,the  negative  Sga  of  theQ^ 

r bring  madepc^tive,  it  will  be/si.  j        f  or  in  the  Equatidki  /s 

!lLjL_r,  dunging  the  pofitive  Sign  into  a  negative,  it  will  be/s 
f  +  2  * 

■   i      ^^  I  which  gives  a  Rule  for  a  Speculum  wUch  is oonv»to«raKb 

2  p  — •  r  .  .         , 

the  radiating  Ofcgeft.  This  Change  of  the  Sign  is  very  plain ;  for  as  in 
the  coausnre  Speculum  it  b  i  =  r -f  ^,  lb  in  the  convex  it  will  be  iqp  A-^ 

CanL  6.  In  a  convex  Speculum,  (diofe  Hiings  remaining  which  we 
have  taken  Notice  of  at  CaroL^.  abouta  concave  Soeculum)  it  will  appear* 
dot  if  9  be  an  integer  Number  it  will  be  irn  dd-\'ndrrir%  rndd 
4-ir  r  ;  andif}f  b  aFraAion  itwillbe  2  r  vi/i-l*  iii/^r^'2riri4 
^dr  r.  That  is,  if  the  Otjeft  withdraws  from  die  Speculum,  or  if  it 
approaches  towards  it,  the  Image  in  like  Manner  wfll  recede  or  mproacb. 

AUbit  appears  in  a  convex  Speculum,  that  if  the  Objeft  withdraws  to 
m  immenie  Diftance,  yet  that  its  Image  will  not  recede  from  the  Vertei( 
beyond  a  fourth  Part  of  the  biameter,  but  will  there  ftop  in  the  middte 
P(mtf  {)etween  the  Center  and  the  Vcirtcx.  Forfuppofinjge/or^tobein- 

finke,  it  Witt be/rrl';orijf,irt  each  Cafe/a^i^^^  /  .  .i 

2d       2i 

To  thefe  ma^alfobpjoinM  the  Solution  of  a  Catt^ 
tad  fiich  a  Potion  01  the  radiatiqg  Point  in  refpoft  q£  a  givev.  Spepu* 
hun,  diat  the  radiatii^Obje^mw  l^yeamvenRjatioto  its  Image  iha4e 
by  the  Speculum;  Let  the  g^v^  ]IUtio  betiiat  ofrto^;^  and  by  the  Syn)- 
Id  O  let  the  Magnitude  </tht  Objedt  be  denoted,  let  /bethelmag^i 
ti»  Diftance  of  die  Ohjed^  and/ot  the  Imagp  from  the  Sptaikm^  No^r 
oCr.  Gr^^  IvisdmOBfliaced,  itwiUbcO./;;(i»/    That  is,  the 

Bba  pbjcft 
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ObjeA^^  the  Im%«.W^4ke6Uy  proportional  to  tl^irOiiiapses  ftoffi^ 
Vcttex  of  the  SpecwlMTO.  And  biccaufe  it  is  reqqi^.  i;^  jt  |i^  ^  Q , 
/;:*•♦}  J  it  invft.alf^bf?  <if  •/II'^'.  l  •»  or  inftrad  of/ taking  ite  Vfilije, 

d  c  .j     .    ::  r  .  J,  whence  4/iffr-rj:;srr,  and  <f  i=?l!!l+Zii .  Now 


tetjiufc  rf  r.  in  ^  ^.  -7,  and  2  <i  -^  r  pxlZ  i  it  vEI«/or» 


^';^';j.-^r.^^'  ■+  ^'  ?.y  X.:^I±1,  wWchistfieDiftanceof 
2  j  f  •  '     "2'^       .  /:'.         2 

/orof  tltej[n^ejr?om  tl|e  Spcculpip^  ajrefingtq  .fie  Diftapce  of  die 

.     Qbiea.    -T^mfefe  if  the  ObjcA  be'^  at'ri\e  Dlfiahte  IiliiX  ,   its 

....  .2.q. 

Image  made  at  the  Diftatice -^XJ.  being  compared  to  it,  will  have  the 

Tli«3*^if  jtar.    :Gr'k-will  be,  O  .  Jlir  -/J-    T^wit/is  0  !l::d.f:: 
rr  +  rq      r^-  y  .  .  - 

.■  .'^    /.^fi   ■  -  ■  r  ',  Yt   .f#  ^..  .J,  ••  . 

'  ^  "  f 

Here  we  have  confidered  the  radiating  Qbjeft  and  the  Image. as  if  thqf 
W*e"Lm€*' ;  but'if  we  <tohfider them  a^ Surfaces  then' it  wiM  fee  Q  .  I\l 
d  d  .ffll  r  .  q  \  fo  that  then  we  fliall  come  to  this  Equation  j^dd,— 
•fclf  i^^wt'.^./rr^  f!:k:^<wa  whence  thei  YalW'<i'.^:.fin4y  .:b|p  foi^dSxtrj 
cafily  by  the  common  Methods.  —     ' 

A  Way  fir    rVi^SlJl^^^  %e^^j^Sjp.,an.  ObjeftrClafc 

Myopes  t9  »/^^i^lxipQniiqg  d&  ufeaJ:  to  tbem« .  and  jfome.times  g^qr^p  than  a  Mpibtna* 

TclcTcopcs     rionof(31affis.        ^  ^ 

Gi^,  &c.  '  '     -•"—'»  ' 

ijIV.T.T. 

^^j;?^;";^^  tp/^wfail  the  B^xsT^f  ^^^  P^P'S.^^  ^t^!^  .^«.  '^•^i 

/pa^et  in^  Point  ujifyi  the  Reitna  cf  the  JBye,  oa  thpu*  re^edive  A^^ 

Fig.  67.   .     Tile  ^7ch  Figure  xqprqfencs  the  Cpfnbination  pf  two  convex:  X^^  for 

4diue  M^roiu>miciilipr  4iiTf rcing  TqleifQipe ;  where  thie  ab9vemQationed  Re- 

jQ;iiike$| are pbtaii^.  \^£  is tbedtgeiSti^ppoied  at y  v^D^ftance.frofi 

me   objefltive  LensLL^  io  that  Rays  poming  from  the  Extremity -^ 

of  the  Objed,  will  iuU  i^on  die  £«■»  L1I9  in  the  fam'^ffanoer  as  if :idie^ 

Wre  pv^Iel  fq their  Axis^^  Y.;  an^  after  paffing  th^  Glafs  unite  gt  a^ 

Hrtieft  they  projcftithe  Ima^e  of  t!i6  Pblnt  A;  firpm  whence  diVg'ging, 

Jity  fairtm  the  6ye-Giaft  ??,'tod^h^^fe  paffed'tHtbugh  it,  gondii ^jafl?- 

^^fco  each  othrf,  and  crtter  the  ^Cinrneit or  z  common  Eye  ^5,  whici  dffitfcs  j 


yft:  ieftt^'^jdi^^ 


I  u  - 


tfes  Cyffi  mt*  iJpw  tlje  ijr/i^rf  .nt  )?•' ^herR  thpy  projca  th^  diftin(St  Ira?ge 
Qf/d»|ii¥^t.^-;  Th«  P.W*  tfaa|  ^ome  from  kll  the  Ppints  of  tjie  .Objcft 
-^  Mt  bci^  Aft?f^  after  ,tKF  4ni^;]%mer,  gjvc  ^'diftina  Image  of  thofe 
Pt>i^tj  iipan  the  ^ifmAf  and  ij^iqcffore  the  Dbjeft  4oes  appear  dift io<5^.     . 

7hQ  Qb|e£t  w^U^ib  app^r  ^^^^nified  in  the  fame  rroportion  ^s  the 
Afigje  ICl^  to,A  M  f  {\^n^^  yrh\(^  it3  Irpage  js  feen)  is  greater  than 
H^  Aqgle  ^C  J3  itadfT  which. the  Qbjeft  45  wowld  be  feen  by  the  naked 
Eyp  ;  ^  i$  more  at  Ivgp  demopftf^ffi  by  dioptrical  Writers. 

.i><pwa,]  If  pwaUel  Rays  fail  .ijpwi;!^  or  fliprtr 

fif^ttd  Ferf^Pt  they  will  unite  in  the  Eye  before  phcy  come  to  the  Retinay 
the  farther  irotfi,  it,  th^  p\ore  fon^vcof  the  Eye  is  V  but  if  the  Rays  which 
Ml  qpoA  the  Carni^^'  .diveirge  in  P;:qpqrtion  to  une  too  ^eat  Convexity 
'^fk(^  EyeiMfr9mi),.jfuch.R4ySv^ill  k^  ^o  refi^dtedby  the  Cpats 
«ai  Hi»»OWP  pf  fh^.  Eye,  as  to  i^ect  in  one  Point  upon  the  Retina  ^^  ^g  g 
Ji\Biy  ^fhere  I  Ijave  in  the  S(;henie  nf  gkfted  the  .R^fradlign  of  the  Rays  ' 

piiffing  .'OiH  pf  the  ^Jffxfiallm  K  ]nto  the  viirems^  Humour  Y,  as  I  do  in 
5iC  other  C^t^ 

J^  Z^efma  '^  ^o  dem<Miib;ated  by  dioptrical  Writers. 
.  l^rm^  3f}  Kpin  t^cils  qjfR^^  (in  each  wheneof  all  the  Rays  are 
pfMftlki  to  .thfiiA»i«»  9^  -aC)  ^ail'  .upon  different/ l^arts  of  the  Corne^^ 
al  itiergreateft  Di^nee  fpm  on^  another  that  can  be  ^llowM  for  thofe 
ft^  to  cn^r  .thp  Pupil  .P  P,  tiw  ^/pces  will,  after .  entring  the  aqueous 
Humour,  copva^ge,  and  n?eet.  .eitfter  in  the  vitreous  or  chryftauinc  Hu- 
CMUf^  9C<:o|rd|Qg  to  the  Convexity',  of  the  Ornm  through  ^hich  they 
f^SM%.  «fi.4i^J«^?g^n  before -tljeycpme  p»the.jR^/iw  ;  thp  R^ys  <^ 
CKh fPqvril  COftyeffging  upqa.t^e^r  ^reipeaive  A^scs^.  to  the  Race  where  p^  ^^ 
tb^i^Ajc«ii»pfs;^€.anotbe.r.,     .  J  /  /- 

.  ;Alww#rw^».3  .  TM  A^c^^  (Tf,  f  C<,  falling  obliquely  upon  the 
Cornea  ztCQ  and  entring  from  jiir  into  the.  ^^if^^'^  Humoiir,  will 
iKiV^ft^^  !V3maur48  .^^  ^erpq^d^i|Cidar.  to  X  where  (triking  more  direAly 
upon  the  cbryftailiney  thcywij^go  pntOf,  i^,  uppi>.  t^^ 
4RSP/%itji9g  ^  f^ jyjytj^i^n  the  v^/r/^j. Humour.    ,The  other  Rays  r,  r; 
fif^-^ter  their  Rf^a^ioiv  in  ^aqueous  Humpyr,  fall  more  obliquely 
i^^c  (fnpgftalfin^f  (JV^d  therefore  ar?  refra^ea  .i^ain  fo  as  to  meet  at  f^y  p.       . 
fphr^  ttle,  Aices  j^.meet,  and  ti^nce  go  on  to  tl?e  Retina  RRRR.       '*'  ' 
'  )j^4fmv0  4*]  -jBut  if  the  4)ces  of  t^e   abo^mi^tipned  Pencils  are 
|i(Mrai|d,  tte-  Rajrf  thai;  acopinpany  them  dlvecgirig  from  *  a' Point  fo 
near  the  Eye,  that  the  Diverge^q^  may  be  proportionable  to.  the.ipp 
great  Convewty.of  thc-Ey/e.j  tjh^  oaly  the  Axes,  will  ipeet  inthe  pye 
Jbefctfe  they  come,  to  th^Retfm  (by  jjmma  3.)  bjut  the  other  kays  wil^ 
•jwlr.jUtfe  upo^  dbi^  r^eipe£^ve  A^es,  till  they  c;o0)e  to, the  Rjstin^y  '(by 

iww#fc.)        •?  .  ....  •    1      •  •  •  '  ■  .  .-\ 

Pr^.]  I  fupppfe.th?  Eye-  of  the  Mycfs  10  coAvpx  that  hp^.caa  fee 
<llj»  fiutther  tban^atpominon  Eyfo.with  diq  Eye-Giafs  of  a  Tp^^pe         X-!  " 
sb^gnre  it:   Then  jiie  Eye  of, the  A§?^J-.h?i^!g  i^  tJie  Place  of  the, 
^ir&4Gito6ft.:]^  sism^  ^  ^m  4^Y^Bf%4l^S!P^^  fevefal  Points 
'V.  i  "  ^       "'  ■  ■    ^  'of* 
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of  the  Image  (prcgeAed  by  the  Oljed-Glais  in  its  Fmu^)  in  fiich 
Manner,  that  thqr  will,  after  the  fevend  Rcfradioos,  meet  in  idpeflive 
Points  on  the  Retina ;  and  the  Axes  of  the  Pencils,  whidi  oome  from 
the  Extremities  of  the  Oiped,  will,  in  the  Eye,  make  die  Ai^  B  VA 
=  tob  c  a^  under  which  the  Imag^  airs  feen,  hj  Lemma  4.  The  Ceraea 
and  aqueous  Humours  liere  fopply  the  Place  of  the  Eye-Glafs,  and  the 
Fig.  7 1 .'  cbryftaltine  and  vitreous  Humours  that  of  a  common  Eye.  In  the  Figure 
IS  13  the  Retina^  V  the  vitreous  Humour,  and  JTX^the  cbnfial&ie  Hu- 
mour^ and  the  Image  ^  ii  is  fuppofed  to  befaroug^down  mmithe67th 
Figure,  which  reprc&nts  iiic  j^ouaudck'Tdefcope  rthe  too  greatt  Con- 
vexity of  the  Eye  here  bdng  in  the  Phice  of  an  Eye-GUfi. 

An  Objedion  may  be  made  to  tl^s,  viz.  that  P  P  the  Pupil  dt  ^ 
Eye  bdng  fmall,  will  take  in  buta  very  little  Inu^  or  a  fnull  Part  of 
the  ObjeS  :  But  then  if  the  Eye  be  moved  fucceffively,  to  all  the  Parts 
of  the  Space  where  the  Eye-Glais  was,  it  can  take  any  Part  of  the  Ob- 
ject ;  ana  if  the  Objed-Glafs  be  huge,  whidi  may  more  eafily  be  made 
ihan  a  large  Eye-Glafs,  and  the  Tube  a  Foot  wide  or  wider,  as  nrodi 
may  fucc^ii^ely  be  taken  in,  as  if  an  Eye-Glafi  might  be  had  of  a  Foot 
Diameten  A  little  Praflice  may  make  anv  A^fofs  (6  ready,  as  to  keep 
^n  Objeft  when  once  found,  though  the  Place  where  he  ftands  be  flia« 
ken.  It  would  not  be  amiis  to  hold  a  Leas  in  one's  Hand  (for  an  Eye- 
GU&)  to  find  the  Objeft  at  firft,  till  Cuftom  has  made  it  eafy  widiout 
it :  When  once  the  Ot^eft  is  found,  it  may  be  eafily  kept* 

An  Eye  more  fhort«i^ted  than  I  have  fuppofed,  will  perform  die 
Ofiice  of  a  more  convex  Eye-Gk^  beiiu^  broi^ht  nearer  to  diediftinft 
.  Bafe  of  the  Objeft-Ghfs  ;  and  an  Eye  lete  convex,  the  Office  of  a  1^ 
convex  Eye^Glafs  :  But  with  tlus  Differehce,  that  the  mort  convex  the 
Eye  is,  the  eafier  mkv  any  Part  of  the  ObjtSt  be  found,  and  the  larger 
and  more  lucid  it  will  ^pear. 

I  have  feen  Satun^s  King  very  phdn  ^with  an  Objeft-Ghfi  of  fittle 
more  than  fix  Foot  Radius^  without  an  Eye-^Glafs.  - 

I  have  alfo  found  out  a  Way  for  the  Presbii^  to  make  ufe  of  an  Ob* 
jed-Glafs,  byjplacing  their  Eye  nearer  the  Lens  than  its  Focus,  "by  fo 
much  as  their  Eye  is  flatter  than  a  common  Eye,  foas  to  m^e  (as  ic 
were)  the  Telefcope  of  GdiUo  %  the  flat  Eye  fervii^  as  a  common  Eye 
armed  with  a  concave  Lens.  I  haVe  fo  fixed  the  Telefcope  as  to  maKC 
a  Freshita  read  at  a  mat  Diftance  a  finall  Print.  The  Truth  iA  this 
m^  be  eafily  demonftrated,  if  it  be  required. 

£f  this  Experiment  be  made  at  Sea  with  a  very  huge  Tube,  bis  enough 
to  jpUt  in  (he  Head  and  move  it  about,  and  the  Objeft-Glafs  be  wb  largti, 
^^.  it  may  no(  perhaps  be  difficult  to  obferve  the  Eclipfes  df  the  Sa$eOiits 

I^Tm^.  of  Jupiter^  wbu:n  I  would  recommei)d  to  the  Confideration  of  thofe  that 
^k  tbi  p.  would  try  for  the  Longitude  by  fuch-like  ObferVaiians. 
«r  Orlearn'/  V,  The  Bunpng-Qafs  is  three  Foot  in  Diameter ;  it  coUeds  die 
h^&Si'  Rays  bf  the  Sun  at  ten  Foot  Diftanc^  where  it  forms  a  Foots  of  about 
fioy,  n.  3;{«  tjlvee  lAf^es  ovcF)  which  tf  again  conoadcd  by  mwis  of  another  GUfi- 
r  37V  •  I^w* 
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Xms  to  an  Inch  Diameter,  and  confequently  is  rendered  three  Times  as 
firong. 

-  I  fliaU  only  relate  here  what  I  have  obfenred  upon  the  four  ImperfcA 
Metals,  vi%.  Iron,  Copper,  Tin  and  Lead  :  I  Ihall  fay  nothing  at  pre^ 
lent  of  Gold  or  Silver  ;  becaufe  as  their  Analyfis  feems  to  me  much 
more  difficult  than  of  the  other  Metak,  I  (hall  forbear  Inquiries  upon 
them,  tilll  have  examined  as  fiur  as  poffibleinto  the  Nature  and  Com-* 
poiition  of  the  former. 

What  was  a  great  Hindrance  to  me  m  making  thefe  E3q)eriments  in 
the  Focus  of  the  Glafs,  was  the  Difficulty  I  had  to  find  any  Matter  ca- 
pable of  holding  the  Metals  in  Fufion. 

Charcoal,  which  is  commonly  made  Ufc  of,  is  indeed  a  very  proper 
Subftanoe ;  but  it  is  impoffible  with  it  to  vitrify  any  one  of  the  Metals  : 
The  Particks  of  the  Metal,  when  held  any  long  Time  in  Fufion  in  the 
Focus  of  die  GUIs,  diffipate  and  By  away  in  Fume  or  fmall  Panicles ; 
and  as  long  as  any  Part  remains,  that  little  that  does  renaain,  is  always 
metailick,  until  die  ^ole  be  quite  evaporated. 

The  Reafon  <^  which  I  talce  to  be  this.  Charcoal  is  a  Subftance  deep- 
ly impregnated  with  oily  or  fulphurous  Parto^  (if  I  may  fo  call  them.) 
The  firft  Effeft  that  Fire  has  upon  Metals  is  to  feparate  the  fulphurous  * 
Parts  :  Now,  if  in  Proportion  as  the  Sulphur  is  feparated  from  the  Me- 
tal, the  Body  that  fupports  the  Metafe  fumiihes  it  anew  with  other  ful- 
phufcus  PastSr  the  otner  Principles  will  never  feparate,  and  the  Metal 
will  always  remain  Metal.  And  nothing'  but  the  ereateft  Degree  of  Fice 
b  2b\t  to  raife  and  feparate  the  Sulphur,  and  that  but  by  little  and  little, 
and  in  very  Imall  Particles. 

I  had  then  Recoivfe  ta  another  Matter,  that  could  not  any  ways  be 
fufpe&ed  of  containing  any  oil^  Parts.  Tfcbimbaus  (to  whom  we  are 
obliged  foe  making  of  thefe  large  Glafles,  and  the  firft  Eirperiments 
diat  have  been  made  with  them)  iays,.  he  ha»  vitrified  Metals  by  holding, 
diem  in  CbifUhWuc  It  is  true,  this  fucceeds  pretty  well,  provided  the 
Pieces  be  very  thick,  and  the  Glazing  uken  off:  But  the  Difficulty  I 
bad  to  find  a  fufficient  Quantky  of  thick  and  proper  CbituhVJzxt  to*  make 
all  thefe  Experiments,  forced  me  to  have  Kecousfe  to  m^re  common 
Subjieds,  as  well  as  fuch,  if  poffible,  as  were  leis  capable  of  melting. 

Of  all  the  diffimnt  Sores  of  Matter  that  I  made  Trial  of,,  what 
leemed  beft  were  the  common  Coppels  and  Plates  of  gsey  Fire-ftone. 
The  Coppds  hold  die  Metsl  a  kH^  Time  in  Fufion  in  the  Focus  of  the 
Glafs  without  melting  \  excepting  Lead,.whiclveafily  runs  through  them 
as  foon  as  it  vitrifies,  and  helps  to  diflblve  them.  The  Plates  of  Fire-- 
ftone  bear  the  Hete  of  the  Focus  much  longer  than  any  other  Matter  9, 
but  great  Care  is  to  be  taken  in  heating  them  without  breaking,  'till  they 
becmie  red  hot,  and  when  they  are  hot  the  leaft  cold  Air  makes  them 
melt.  Neverthelefs  this  is  the  only  Subftance  that  I  have  ufed  with  moft 
Succeis,  to  hold  Metals  a  long  Time  in  Fufion,  though  with  the  greaftft 
pwtion  that  was  polfibl^  to  ayoid  the  InconYgucncics  aforonationed. 
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Another  Thing  that  has  hinder'd  me  from  canying  od  diefe  InqutriA 
upon  Metals  fo  fgr  as  I  could  have  wiflied,  has  been  the  few  clear  Dap 
we  have  had  for  thcfe  two  Yeaf s  paft  i  for  the  gr^teft  P^^rt  of  thtfe  Ex- 
periments require  a  bright,  ftrong,  and  cortftant  Siiii,  to  kfcep  the  Maaafr 
a  long  Time  in  perfeft  Fufioh :  And  I  have  fcarce  had,  for  this  laft 
Year,  above  three  or  four  fuch  Days  as  I  could  wifli  for ;  the  Sky  having 
been  almofl  every  Day  covered  with  Clouds  about  Noon,  whidi  is  the 
Time  of  the  Day  fit  for  thefe  Experiments. 
On  Iron.  I  placed  in  the  Focus  of  the  fiuming-Glafs  a  Piece  of  foi^^ed  Iron  of 
about  a  Drachm  Weight :  It  turned  red  hot,  and  its  Surface  was  co- 
vered with  a  black  Matter  like  Pitch  or  Tar.  If  one  withdraws  cbe 
Iron  out  of  the  Focus  in  this  State,  this  Matter  fixes  itfelf  on  die  Sur- 
face of  the  Metal,  and  there  forms  a  fmall  Skin,  or  a  very  fine  blacklfh 
Scale,  which  is  commonly  very  eafily  fcparated  by  ftriking  upon  it ; 
and  that  Part  of  the  Iron  that  was  covered  with  this  Scale  appeared 
blacker  than  ordinary.  This  Scale  is  fomc  of  the  fulphurcous  Part  <^  the 
Iron  that  rifes  to  the  Surface  of  the  Metal  when  it  is  ready  to  melt,  and 
there  remains  for  fome  Time  before  it  exhales.  It  is  plainly  this  ful- 
phureous  Part  that  rifes  upon  Iron  and  poKfhed  Steel  when  heated,  aiki 
« gives  them  all  thofe  different  Colours^  fi*om  a  Yellow  to  a  Violet, 
Water-colour,  or  Black. 

If  one  continues  to  hold  this  Piece  of  Iron  on  the  Charcoal,  it  ia- 
tirely  mdts  ;  and  at  the  fame  Time  cafts  forth  very  bright  Sparks  in 
a  great  Quantity,  fometimes  to  above  a  Foot  Diftance  firom  the  CoaL 

If  one  faves  what  flies  off  during  this  Sparkling,  by  holding  a  Sheet 
of  Paper  under  the  Coal  ;  we  find  that  they  are  fo  many  very  finall 
Globules  of  Iron,  and  the  ^eateft  Part  of  them  hoUow. 

AH  the  Iron  that  is  held  in  Fufion  upon  the  Coal^  flies  away  in 
Sparkles  after  this  Manner,  till  none  remains.  Sometimes  the  Meiai 
leaves  off  fparkling,  when  the  Coal  is  in  part  confumed,  and  covered 
with  a  Bed  of  Cinders,  upon  which  lies  the  melted  Iron.  For  as  die 
Ibarkling  of  the  Iron  ibems  to  me  to  proceed  from  noching  init  die  oily 
Parts  of  the  Coal  afiing  upon  thofe  of  tlie  Metal,  die  Gnders  hinder 
this  Oil  from  pafling  from  the  Coal  to  the  iron,  fb  that  it  remains 

2uiedy  in  Fufion.  But  if  through  any  Shake,  or  die  like  Accidenc,  the 
binders  are  fo  removed,  that  the  Iron  comes  to  touch  immediately  die 
Coal,  it  will  begin  to  fparkle  ofrefh.  Sometimes  the  Heat,  that 
keeps  in  Fufion  the  Metsd,  vitrifks  ^ib  die  Cinders;  md  diis  vitri- 
fied Matter  stmmg  with  'the  Metal  makes  a  omfidenhle  Eboffi-  • 
don.  If  one  at  this  Inftant  withdraws  the  Metal  out  cf  die. Focus,  it 
appears  half  vitrKcd,  or  reduced  to  a  blackiifli  ftAMt  yb&.  Other 
Times  diis  vitrifiai  Matter  fwims  on  die  Surface  4>f  the  Metal,  and  diere 
forms  itfelf  into  Drops,  that  are  fomedmes  dear  and  tmi^safent,  4ihd 
t>ther  Times  opaquC)  «:coidiDg  as  it  is  ^xaore  w  loft  wim  widi  Ae 
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Furthermore,  if  after  having  kt  the  melted  Iron  cool  Upon  the  Coal, 
one  expofes  it  again  to  the  Focus  of  the  Glafs  upon  the  Stone,  it  fparkles 
a&efh  till  it  is  ail  confumed  ^  which  conunon  Iron  will  not  do,  that  has 
not  been  expofed  to  the  Heat  of  the  Focus  upon  Charcoal.  This 
Sparkling  probably  proceeds  from  the  fudden  Rarefaction  of  the  oily 
Parts  of  the  Coal,  with  which  the  Pores  of  the  Iron  are  fo  plentifully 
laturated  •,  or  perhaps  it  may  be  caufed  by  the  Salts  of  the  Iron  acting 
on  the  Oil  of  the  Coal.    . 

I  expofed  to  the  Focus,  upon  a  Stone-flate,  Iron  and  Steel ;  they  grew 
red  hot,  and  melted  without  crackling  or  cafting  off  any  Sparks ;  they 
fmoaked  very  confiderably,  and  the  melted  Metal  turned  by  little  and 
little  like  an  Oil.  After  having  withdrawn  this  melted  Matter  out  of 
the  Focus,  it  fixed  in  a  Regulus-like,  friable  Mafe,  and  appeared  fome- 
times  lightly  ftriated,  or  ihot  into  fliarp  Points  like  Needles.  Tho* 
this  Matter  does  not  appear  at.  all  tranfparcnt,  yet  we  may  look  on  it  as 
the  Beginning  of  Vitrification,  or  a  middle  State  between  Metal  and 
Glafs ;  for  it  would  vitrify  in  the  End  like  other  Metals,  if  one  could 
hold  it  a  fufficientTime  in  the  Focus  without  melting  or  mixing  with 
what  iuftains  it :  But  continuing  it  long  in  the  Focus,  the  extreme  Heat 
of  the  Sun,  that  is  neceflary  to  keep  it  in  perfedk  Fufion,  melts  like- 
wife  the  Stone  or  Coppel  that  contains  it,  the  Refult  of  which  Mixture 
is  a  brown  or  greyilh  Sort  of  Ennamel. 

We  may  then  take  this  Regulus  Mafs  to  be  a  half  vitrified  Iron,  by 
reafon  it  is  deprived  of  a  great  Part  of  its  Sulphur.  If  one  adds  to  this 
Mais  a  Sulphur  like  that  which  was  taken  from  it,  from  being  friable 
k  turns  very  hard  and  malleable ;  and  the  Dulnefs  it  had  before,  changes 
to  the  Bri^tnefs  of  a  Metal.  This  is  what  I  have  experienced  in  ex- 
poGng  again  this  Matter  to  the  Focus  upon  Charcoal :  It  melts,  and  fo 
continues  a  confiderablc  Time  in  Fufion  without  fparkling,  but  at  lall 
it  fparkles  with  the  fame  Briiknefs  as  Iron  itfelf ;  and  when  withdrawn. 
from  the  Focus,  appears  nothing  different  from  melted  Iron. 

It  appears  from  thefe  Experiments,  that  Iron  contains  a  Sulphur  or 
oily  Subftance,  that  renders  it  bri^t,  malleable,  and  eafy  to  melt. 

That  this  Sulphur  is  raifed  by  ^e  Fire  of  the  Sun,  when  the  Metal  is. 
for  fomc  Time  held  in  Fufion  m  the  Focus,  of  the  Glafs. 

That  this  fame  Sulphur  may  be  raifed  by  the  Flame  of  common  Fffc, 
wKch  tho*  not  ftrong  enough  to  melt  the  Iron,  yet  is  able  to  reduce 
k  to  an  Eichar  or  Sort  of  Rufl. 

That  Iro«  deprived  of  this  fulphureous  Part,  melts  into  a  Regulus, 
or  brittle  and  friable  Mafs,  in  Colour  ipuch  like  Ant;imony. 

That  if  one  can  hold  a  fufficient  Quantity  of  this  Matter  long  enough 
in  the  Focus  by  itfelf,  without  melting  or  mixing  with  the  Body  tfet 
contains  it,  it  perfeftly  vitrifies. 

Hiat  this  Glafs  or  metallick  Regulus»  with  tbc^  Help  o^  a  Utde  Oil> 
mums  to  its  former  State  of  a  Metal*  . 

Vol.  IV.  '     Cc •         '  That 
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T\i2X  tt  reaffiitnes'  this  metallick  Fbrm  upon  Charcoal,  by  drawing 
thence  this  oily  Subftance, 

That,  in  ftiort,  this  oily  Part  contained  fai  riie  Coal,  is  little  diflfe- 
rent  from  the  Sulphur  of  Iron.  Neverthclefs  we  muft  imagine  it  to 
differ  in  fome  Particulars  j  in  that  melted  Iron,  that  has  been  fatUrated 
with  it,  crackles  and  fparkles  very  much  when  melted  ag^n  upon  the 
Stone  or  Coppel. 

Iron  being  the  only  Metal  in  which  I  have  obfenred  this  Sparkling,  I 
take  it:to  be  a  Prc^rty  peculiar  only  to  Iron,  and  not  to  any  other  We- 
tal.  Perhaps  we  may  attribute  it  to  the  vitriolick  Salt  that  this  Metal 
fo  plentifully  abounds  with,  which  is  very  greedy  of  Sulphurs. 

To  this  fame  Greedinefs  aifo,  with  which  the  vitriolick  Salt  of  Iron 
abforbs  the  oily  Part  of  the  Coal,  we  may  attribute  the  Eafinefs  widi 
which  Iron  fonttimes  the  Coal  j  for  there  is  no  other  Metal  that  fo  foon 
waltes  the  Coal  in  the  Focus  of  the  Glafs,  as  Iron  does. 

Another  Obfervation  is,  that  it  is  the  only  one  of  the  four  im- 
perfeft  Metals,  on  which  vitrified  Drops  arife;  whik  it  is  in  Fufion 
Upon  the  Coal :  The  Reai<M  of  which  I  have  not  yet  been  able  to 
difcover. 
p«  Copper.  Copper  expofed  to  the  Focus  of  the  Burning-Glafk,  at  firft  turns 
White  on  its  Surface,  and  afterwards  grows  black,  and  is  covered  with 
a  Kind  of  Skin,  or  bjack,  furrowed,  and  uneven  Scales,  till  at  laft  it 
quite  melts. 

t  have  withdrawn  this  Metal  out  of  the  Focus,  as  foon  as  thi3  white 
Colour  has  appearM,  and  after  it  has  been  cold,  found  nodiing  extfaor* 
dinary  on  its  Surface,  which  has  again  by  little  and  little  rccoverVi  very 
near  the  fame  Colour  as  it  had  brfbre. 

I  have  not  been  aWe  to  diftover  from  whence  this  while  Colour  pro- 
ceeds, unlefs  we  may  attribute  it  to  fome  volatile  arfenical  Salt  con- 
tained in  the  Copper,  and  driven  by  Extremity  of  Heat  to  the  Silrfacft 
of  the  Metal ;  or  whether  it  purely  proceeds  from  the  Alteration  that  ia 
made  in  the  grofler  Parts  of  the  Surface  of  the  Metal  When  it  b^ns  to 
melt.  The  black  Colour  that  Copper  afterwards  takes,  feems  to  be 
caufed  by  the  fulphureous  Matter  that  melts  firfl:  in  this  Metal  as  weH  as 
Iron,  and  is  raifed  to  its  Surface  by  the  extreme  Heat. 

I  placed  a  Piece  of  Copper  in  me  Fociis  upon  Charcoal :  It  melted, 
and  emitted  a  very  thin  Fume,  and  by  little  and  little  diminiihed  tiU  it 
was  all  evaporated. 

I  put  a  Piece  of  red  Copper  on  a  Cpppel  into  the  Focus  of  the 
Glals :  It  melted,  and  fent  forth  fome  thin  Fumes ;  and  after  it  had 
been  fome  Time  in  Fufiort,  it  turned  liquid  like  an  Oil.  I  withdrew 
this  melted  Matter,  and  as  it  grew  cold,  it  fixed  into  a  Regulus  of  a 
reddifli  brown  Colour,  which  was  hard,  brittle,  and  not  duftile  under 
the  Hammwr.  If  one  breaks  it,  it  turns  into  a  red  Powder  like  Cin- 
nabar of  Antimony  ;  and  when  viewed  with  a  Microfcope,  appears  fo 
many  little,  red,  traniparent  Grains,  like  fmall  Rubies  \  infomuch  that 

one 
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GDC  would  readily  take  this  Regulus  to  be  a  deep  coloured  red 
Glafs. 

I  endeavoured  to  make  this  vitrified  Copper  foread  abroad  in  melt- 
ing, by  raixinff  it  with  common  white  Glafs  \  for  which  End  I  pow- 
dered fomc  of  this  vitrified  Copper  and  common  Glafs,  and  mixing 
them,  mdtcd  them  together ;  but  the  Mixture  when  in  Fufion  took  at 
firil  a  beautiful  green  Colour,  and  continuing  it  longer  in  the  Focus,  it 
turned  bluilh.  I  believe  we  may  attribute  this  Change  of  Colour  to  the 
Akali  Salts  of  the  Glafs  a&ing  on  the  Particles  of  Copper  ;  for  thofe 
Saks  ufually  draw  a  green  or  bluifh  Tindlure  from  this  Metal. 

To  preferve  therefore  this  red  Colour  of  the  vitrified  Copper,  when 
mixed  with  common  Glafs,  I  made  Ufe  of  this  Expedient.  I  melted 
in  the  Focus  upon  a  Coppel  a  Piece  of  Copper,  and  as  foon  as  it  be* 
gan  to  vitrify,  I  caft  upon  it  fome  common  ulafs  ;  as  foon  as  the  Glafs 
was  melted,  I  took  them  tc^ther  out  of  the  Focus  without  confufing 
them  ;  and  as  foon  as  they  were  cold,  feparated  the  Regulus  from 
the  Glafs  as  well  as  polfible  ;  and  picked  out  of  it  fome  Pieces  of  the 
Gkifi,  loaded  vrith  fome  very  fmall  red  traniparent  Particles  of  the 
Regulus. 

This  vitrified  Copper  is  then  nothing  but  Copper,  deprived,  by 
Means  of  Heat,  of  me  fulphureous  Part,  that  gave  it  the  Form  of  a 
Metal.  A  Proof,  that  this  mctallick  Form  proceeds  from  nothing  elfc 
but  this  Sulphur,  is,  that  if  one  expdies  this  vitrified  Copper  to  the 
Focus  upon  Cfascrcoal,  it  reaffumes,  in  a  little  Time,  the  dolour  and 
Confidence  of  melted  Copper ;  and  as  it  grows  cold,  fixes  into  a  good 
red  malleable  Copper,  as  fine  and  hard  as  it  was  before  it  was  vi« 
trified. 

It  follows  from  thefe  Experiments,  that  the  Bafis  of  Copper  is  a  red 
Earth  fufceptible  of  Vitrification. 

That  this  Earth  receives  its  metallick  Form  from  a  fulphureous  Sub^ 
ftance,  in  Appeaiance  no  Ways  different  firom  the  Oil  of  Vegetables  or 
Animals. 

That  <»ie  may  deprive  Copper  of  this  Oil,  by  holding  it  long  enough 
in  the  Focus,  or  by  calcinating  it  in  die  Flame  of  common  Fire. 

That  Charcoal  reftores  again  this  oily  Part  to  Copper,  and  at  the 
fame  Time  its  metallick  Form. 

It  appears  further,  that  the  Oil  of  the  Coal  has  not  fo  confiderable  an 
"EJSdEt  upon  Copper,  as  it  has  upon  Iron. 

Ccpper  expofed  a  longTTime  to  the  Focus  upon  a  Stone  or  Cop- 
pel,  mmes  very  much,  and  diminiihes  in  Weight  very  confiderably.  I 
don't  think  that  this  Fume  is  only  the  fulphureous  Part  of  the  Metal, 
the  Evaporation  of  which  muft  be  infenfihle  ;  but  I  believe  that 
wiA  this  (XI  there  is  mbced  a  great  deal  of  the  eardiy,  vitrifiaWe 
Part  of  the  Metal,  which  the  Heat  of  the  Sun  fublimes  and  raifes  in 
Flowers. 

Cc  a  Tin 
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Oh  Tin.  _  Tin  cxpofed  upon  Coal  to  the  Focus  of  the  Buming-GIafSy  melts 
and  emits  a  grofs,  white,  thick  Fume,  until  it  is  all  confumed  in 
Vapours. 

If  one  melts  Tin  upon  a  Coppel  in  the  Focus  of  the  Glafs,  it  fumes 
very  .  much,  and  its  Surface  is  covered  with  a  white  rarefied  Cabc  5  oa 
which,  by  little  and  little,  arifes  a  Tuft,  or  Heap  of  fharp.  Needle-like, 
tranfparent  chryftalline  Particles,  confifting  of  an  infinite  Number  rf 
fmall  Points. 

If  one  continues  to  hold  this  Mafs  in  the  Focus  upon  the  Stone,  thefe 
Chryftals  at  Length  leave  off  fuming,  and  remain  fixt,  while  the  Stone 
melts  and  vitrifies. 

I  took  Calx  of  Tin,  which  is  Tin  reduced  to  a  grey  Powder  by 
Means  of  Fire,  that  has  taken  away  by  Calcination  great  Part  of  its 
oily  Subftance,  and  expofed  it  on  a  Coppel  to  the  Focus,  where  it  fu- 
med again  very  much,  and  was  reduce^  into  fharp  chryftadline  Particles 
confifting  of  other  fmall  Points. 

In  re-expofing  thefe  chryftalline  Particles  to  the  Focus  upon  Char- 
coal, they  melted  very  eafily,  and  took  again  the  Form  of  Tin ;  the 
Coal  having  furniftied  them  with  the  fulphureous  Part  that  the  Fire  had 
before  taken  away.  Every  body  knows,  that  if  one  add  any  Fat,  or 
the  like  inflammable  Matter,  to  the  Calx  of  Tin,  when  red  hot  in  the 
Crucible,  it  reaflumes  immediately  the  Form  of  Tin, 

Thefe  Experiments  Ihcw,  that  Tin  contains  a  Sulphur  Aat  is  very 
eafily  feparated,  fince  common  Fire  can  do  it  fo  readily ;-  and  that 
this  Metal  calcined,  or  deprived  of  its  Sulphur,  is  eafily  iaturated 
again  with  it  from  the  oily  Part  of  any  inflammable  Matter  whatfo- 
ever. 

It  proves  alfo,  that  the  metallicljL  Earth,  which  is  the  Bafis  of  Tin, 
is  a  chryftalline  Earth,  very  difficult  to  be  melted  -,  fince  common  Fire 
cannot  vitrify  this  Metal  by  itielf,  and  that  the  Hekt  of  the  Sun,  in 
the  Focus  of  this  large  Buming-Glafs  of  the  Palace-Royal,  cannot 
perfedtly  melt  the  Calx,  into  which  this  Metal  is  reduced.  We  may 
prefume,  that  the  Chryftallizadon,  or  reducing  of  this  Metal  into  fhaip- 
pointed  Particles,  proceeds  from  die  Force  of  the  Sun's  breaking  aand 
nielting  together  into  a  Sodder  (if  I  may  fo  fpeak)  fome  of  tjiefe 
fmall  Chryftals,  by  Degrees,  as  the  fulphureous  Part  leaves  them  ;  it 
not  being  ftrong  enough  to  melt  them  all  down  together  in  one  entire 
Mafs. 
pff  Lead.  I  took  Lead,  and  held  it  in  Fufion  upon  Charcoal  in  the  Focus  of  the 

Glafs  :  It  all  wafted  away  in  Abundance  of  Fumes. 

I  expofed  the  like  Quantity  of  Lead  upon  a  Stone  to  the  Focus, 
where  it  caft  forth  great  Quantities  of  Fumes,  and  by  little  and  link 
changed  into  a  fluid  Liquor  like  Oil  or  melted  Rofin.  This  Liquor, 
as  it  grew  cold,  fixed  into  Glafs ;  which  has  this  peculiar  to  itfelf» 
that  it  is  difpofed  into  Plates  like  Venetian  Talk,  and  that  it  is  flabby, 

fofc 
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Jbft  to  the  Touchy  tranfparent,  and  in  fome  Parts  of  a  greenifh  or  red- 
diihYeUow. 

In  continuing  this  Matter  in  the  Focus,  it  fpread  upon  the  Stone  like 
Vamiih ;  and  at  kft  penetrating  it,  helpol  to  melt  it. 

I  placed  this  taiky  Earth  in  the  Focus  upon  Charcoal :  It  melted, 
and  in  a  litde  Time  after  reallumed  the  Form  of  melted  Lead.  I  with*- 
drew  it  iitxn  the  Focus,  and  having  let  it  cool,  found  it  nothing  dif- 
ferent from  Lead. 

Thefe  Experiments  ihew,  that  there  is  in  Lead,  as  well  as  the  other 
imperfed  Metals,  a  fulphureous  Part,  that  is  eafily  feparated  by  com- 
mon Fire,  or  the  Heat  of  the  Sun  ^  wd  that  this  Metal  has  for  its  Balis 
a  foliated  or  talky  Earth. 

I  fhall  add  here  fome  Experiments,  that  I  have  made  upon  Quick-  O*  ^Vfj 
filver  -,  though  I  cannot  yet  draw  any  pofitive  Conclufions  from  them,^^'*^* 
not  having  profecuted  them  fo  far  as  is  neceflary  for  that  Purpofe. 

I  placed  Quickfilver  in  the  Focus  of  the  BumingrGlafs  upon  Char- 
'  coal,  upon  the  Coppel,  and  upon  the  Stone  :  It  all  immediately  dif- 
perfed,.  and  exhal^  in  a  very  thick  Fume. 

.  I  expofed  upon  the  Stone  to. the  Focus  fome  Mercury  Precipitate  perfe^  i 
in  a  Degree  kA  Heat  equal  to  that  of  Digeftion :  It  feemed  to  melt,  but 
prefentlydifperfed. in  Vapours;  there  remained  a  fmall  Quantity,  of  a 
very  rarefied  Duft  like  a  Froth  or  Scum  *,  but  continuing  it  in  the  Focus, 
it  melted,  and  gathered  into  a  yellowifli  Glafs,  in  which  one  might 
ctiflinguifli  ibme  Particles  of  Metal  like  Silver. 
.  I  o^fed  fome  Mercury  Precipitate  per  fe  upon.  Charcoal :  It  fumed* 
very  much ;  and,  as  it  melted,  one  might  fee  little  Globules  of  Mercury 
unite  and  form  themielves  together  upon  the  Coal,  but  they  difperfed . 
again  prefendy  in  Vapours. 

Thdc  Experiments  feem  to. prove,  that  there  is  in  Quickfilver  a  Sul- 
phur, that  may  be  feparated  oy  a  very  gentle  Heat,  fuch  as  that  of :. 
Digeftion. 

That'  as  foon  as  this  Sulphur  is  taken  away,  it  lofes  its  Fluidity  and ; 
Brighttlefs. 
That  the  Bafis  of  Mercury  is  a  Calx,,  or  red  Earth. 
I  That  this  .Calx  .does  not  melt  into  Glafs  as  the  Calx  of  other  Metals, . 
becaufe  it  is  too  volatile,  and  as  foon  as  it  melts  is  evaporated  by.  the 
Heat. 

That  if  one  reftores  to  this  Calx  a  Sulphur,,  by  exppfing  it  again  to 
tbe  Focus  upon  Charcoal,  it  reaflfumes  immediately  its  metallick  Bright- 
nefe  and  Fluidity,  and  becomes  Quickfilver. 

,  I  cannot  tell  .whether  this  light  Earth,  that  remjuns  upon  the  Stone 
after  the  Evaporation  of  the  Calx  of  the  Mercury,  be  a  Pait  of  the 
Earth  of  the  Mercury  more  exaftly  deprived  of  its  Oil,  and  confe- 
q\3endy  more  fixt  and  proper  for  Vitrification. ;  or  whether  it  may  not 
be  fome  Matter  fpreign  to  the.  Mercury,  that  fixes  itfelf^  and  remains 

behind- 
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behind  at  its  Evaporation;  But  thb  I  (hall  examine  move  paiticularly 
hereafter. 

The  Refult  of  all  thefe  Experiments  is,  that  thde  fotir  Mccal^  wluch 
we  call  imperfed,  viz.  Iron^  Copper,  TiHj  and  Lead,  are  compofed 
>  of  a  Sulphur  or  oily  Subftance^  and  of  a  metallick  Eaith  capaUe  of  Vi* 
trification. 

That  from  this  Sulphur  proceeds  the  Opacity,  BrightMfs,  and  Mal- 
leability of  a  Metal. 

That  this  metalHck  Sulphur  does  not  appear  at  ail  diffismit  from  the 
Oil  of  Vegetables  or  Animals. 

That  it  is  the  fame  in  Mepcury  as  10  the  four  imperfeft  Met^. 

That  thefe  four  Metals  have,  for  their  Bafis,  an  Earth  fufeeptible  of 
Vitrification. 

That  this  Earth  is  d^rent  in  every  one  of  thefe  iwr  Metals,  in  that 
it  vitrifies  diflferently  m  each  of  than. 

And  that  on  tlm  Difference  in  vitrifying  depends  the  DifFeitnce  of 
Metals. 

It  remans,  that  I  fhould  examine  more  particulariy  the  Nature  of 
thefe  Earthflt  or  metallick  Vitrifications,  to  know  if  any  other  I^- 
ciples  or  Subftances  may  be  feparated  from  them :  But  this  I  fhall  en- 
deavour to  do  hereafter,  in  profecuting  the  Analyfis  of  thde  Metals,  as 
far  as  poffible. 

txftfimms  VI.  This  Miroir  is  a  CbncaVe  47  Inches  wide,  and  ^und  to  a 
if^^'^'^^^'  Sphere  of  76  Inches  Radius  ;  fo  that  its  Focus  is  about  38  Inches  di- 
iT-GlafiZ  ft^"^  fr^"^  ^^  Vertex  of  the  Glafs.  The  Metal  of  which  it  is  made  is  a 
June,  iy  Dr.  Mixture  of  Copper,  Tin  and  Tin-Glafs,  whofe  Refiedtion  has  fomething 
J.  Harris,  attd  ^f  a  yellow  Caft.  The  Concave-Surface  has  fcarcc  any  Flaws,  and  thofe 
^^^•^®''  very  fmall  5  but  the  Convex-Side,  which  is  alfo  polifhed,  has  fome  Holes 

360.  p.  976.   in  it. 

Having  held  feveral  Bodies  in  the  Focus  of  this  Miroir,  we  obferved 
what  happened  to  them  whilft  expofed  to  this  great  Heat  \  and  widi  a 
half-fecond  Pendulum,  took  Notice  of  the  Time  in  which  any  material 
Change  happened  to  them. 

The  Experiments  were  as  follow,  and  made  from  Nine  till  Twdve  in 
"the  Morning. 

N^  I.  A  red  Piece  of  a  Roman  Patera^  which  began  to  melt  in  3 
Seconds,  was  ready  to  drop  in  100. 

2.  Another  black  Piece  melted  at  4,  and  was  ready  to  drop  at  64 
Seconds. 

3.  Chalk  taken  out  of  an  Echinus  Spatagus  filled  with  Chalk  only, 
fled  away  in  23  Seconds. 

4.  A  Foflile-Shefi  calcined  in  7  Seconds,  and  did  no  more  hi  64. 

75.  A  Piece  erf  Pompefs  Pillar  at  Jlexandria  was  vitrified  in  the  blac^ 
Part  in  50  Second  and  ia  the  white  Part  in  54. 

6.  Copper-Oar 
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6.  Cqpper-Oar,  that  had  no  Metal  in  it  vifible,  iritriHed  in  8  Se- 
conds. 

7.  Slag,  or  Cinder  of  the  ancient  Iron- work  laid  to  have  been  wrought 
by  the  Samns^  ready  to  run  in  29  Seconds  and  an  half. 

Hen  the  Glafs  growing  bcty  burned  vntb  mucb  Up  Force. 

8.  Iron-Oar  fled  at  firft,  but  melted  in  24  Seconds. 

9.  Talk  began  to  calcine  at  40  Seconds,  and  held  in  the  Fecns  64. 
ID.  Cakubu  b$Ma$ms  in  2  Seconds  was  calcined,  and  only  dropped 

oflF  in  60. 

1 1.  An  anonymous  Fiih's  Tooth  melted  in  32  Seconds  and  an  half. 

12.  The  Asbejtcs  feemed  condenfed  a  little  in  28  Seconds ;  but  it  was 
now  fomethmg  doiidy  :  Monf.  ViUette  fays,  that  the  Glafs  ufually 
calcines  it. 

13.  A  golden  Marchafite  broke  to  Pieces,  and  began  to  melt  in 
about  30  Seconds. 

14^  A  Silver  Sbtpence  mehed  in  7  Seconds  and  an  half. 

15.  A  Kii^  fnUiam^s  Copper  Halfpenny  melted  in  20  Seconds,  and 
ran  with  an  Hole  in  it  in  31. 

16.  A  King  Gi€rg^^  Halfpenny  melted  in  16  Seconds,  and  ran. 
inj4. 

17.  Tin  melted  in  3  Seconds. 

18.  Caft  Iron  in  16  Seconds. 

19.  Slate  melced  in  3  Seconds,  had  an  Hole  in  6. 

20.  TMn  Tile  melted  in  4  Seconds,  had  a  Hole,  and  was  vitrified, 
through  in  80. 

21.  Bone  calcined  in  4  Seconds,  and  vitrified  \ti  33. 

An  Emerald  was  melted  into  a  Subftance  like  a  Tuixjuois  Stcme*. 
A  Diamond  weighing  4  Grains  loft  ^  of  its  Weight. 

VII.  Experience  (as  well  as  the  Authority  of  Dr.  Hook  in  his  Plrd-  A  Ptekit-m- 
face  to  his  Mtcrtp-apbia)  aflbres  us,    that  fingle  Magnifying-Gkfles  ^^^^ 
(when  they  can  be  ufed)  arc  preferable  to  Microfcopes,  compofed  of  ^ /"^si        ' 
two  or  more  Magnifying-Gla0es  :   Nor  are  the  late  Improvements,  p.  1241. 
made  by  Magnify  ing-GlaueS)  fa*  much  owiAg  to  the  making  Them^  and 
compofing  Microfiepes^  as  to  the  Methods  of  applying  ObjeAs  for  the 
Advantage  of  Light ;  in  which,  I  hope,  the  following  defcribed  jfnftru- 
ments  wUl  not  be  found  inferior  to  any  yet  made,  at  leaft  commonly 
fold. 

This  Sett  of  Microfcopes  has  eight  different  Magnifying-Gla(I<»  ; 
feven  of  which  may  be  ufed  with  two  dilFerent  Inftruments,  for  the  bet- 
ter applying  them  to  various  Objects  :  One  of  thefe  Inftruments  is  re- 
prcfented  Fig.  72.  AAAAy  and  is  made  of  Ivory  1   it  has  three  thin  Fig.  72^ 
Sr^s  Plates  ££,  txA  a  Spring  of  Smfs  H  within  it ;  to  one  of  the 

thin  Pktes  of  Bmis  is  fixed  a  JPiece  of  Cwk  F^  with  a  Concavity  G 

both  in  the  Cwk  andBrafr  to  which  it  is  affix^  :  In  ofie  End  of  this 

Inftrument 
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loftfument  there- is  a  long  Screw  Dy  with  aGlafs  C,  fcrewcd  in  the  End 
of  it :  In  the  other  End  there  is  a  hollow  Screw  o  o^  wherein  any  of  the 
Magnifying-Glafles  are  Ibrcwcd  when  they  ore  to  be.  made  Ufe  of.  The 
8  different  Magnifying-Glaffes  are  allfet in  Ivory,  7  of  which  are  fet  in 

Fig.  76.  the  Manner  of  Fig.  y6.  n.  4.  The  greateft  Magnifyer  is  marked  upon 
the  Ivory,  wherein  it  is  fet,  with,w.  i.  the  next  ;!^.  2.  and  fo  on  till 
».  7.  the.S'**  Glafs  is  not  marked,  but  fct  in  the  Manner.of  a  little  Barrel 

Fig.  74-       Box  of  ly<>ly,  as  in  Fig.  74. 

^'g-  73-  Pig^T€/j^  i3  a  flat  Piece  of  Ivory,  e  ^  whereof  there  alte  8  belong- 

ing to  this  Sett  of  Microfcopes,  (though  any  one,  who  ,has  a  Mind  to 
keep  a  Regifter  of  Objefts,  may  have  as  many  of  i^emfias  he  picafes) 
in  each  ot  which  there  ar^  3  Holes ///^  wherein  3  or  niore  Objefts  are 
plgQ^^  bet;w.een  two:  thin  Giaifes  or  Talks,  when  to  be  ufed  with  the 
greateft  Magnifyers. 

I^^'g-  7S'  The  Inftryment  JFig- 75^  is.m^de^of  .Brafe  or  -Pkuice's  Metal,  with 

Joints  PPPj  to  turn  eafily  any  Way  with  a  fmall  Pair  of  Tongs  GG, 
which  open  at  the  Points  *,  by  preffing  together  the  two  Heads  of  the 
Fiifis  //  for  tajking  up.of  Qbjofts  :  There  is  a  round  Piece  of  Ivory  //, 
fcrewed  upon  the  other  End  of  the  Tongs,  white  on  one.  Side  for  black 
Qbjeflfi  t^aSLt'  are  o^ue'B&dils;s,  (fuch  as  are  Seeds  or.>Sand$)  and  black 
on  the  other  Side  for  white  ones  of  that  Nature. 

Upon  the  fharp  End  -/f,  of  this  brafs  Inftru,mcht,  all  the  8  Qlafles 

f  «•  76*  may  be  fixed,  as  you  fee  Fig.  j6.  n.  4.  .th^re  being  a  Hol^  in  the  Ivory 
wherein  the  Glafles.are  fct  for  that  Piirpofe,  with  a  thin  Piece  of  Brafs  B 
in  the  Manner  of  a'Spring,  that  hoicfe  it  firmer :  Sjq  when  $py  Objeft 
is  taken  up  in  the  Ic^oints  of  the  Tongs  k^  or  laid  upon  the  other  End  H, 
it  may  be  very  qafily  (as  any  one  who  fees  the  Inftruraent  will  per- 
ceive) applied  to  the  tru^.Diftance  of  ^qjs.of  the  Gl^^s,  by  the  Help 
of  the  Joints  Pi>PP,/as  alfo  the  Screw  C,  and  Wheel  A  which  will 
bring  the  Obje<ft  to  the  Exadnefs  of  the  Center  or  true  Diftance,  being 
jpegulatcid  fby  a  Spring  £.  .        * 

Fifr  7*-  The  Ufe  of  the  firft  mentioned  Inftrurtfent,  Fig.  72.  AAAA^  is  thus  : 

Fig,  73.  Take  one  of  the  flat. Pieces  of  Ivory  ^^,  or  Regifters^  Fig.  73.  (as  they 
may  be  called)  and  Aide  it  in  betwiyt  the  two  thin  Plates  of  Brafs  EE^ 
in  die  Body  erf"  the  Microfcope,  Figi  72^  fo  that  the  Objedt,  you  intend 
to  look  upon,  be  juft  in  the  Middle,  remarking,  that  you  put  that  Side 
of  the  Plate  e  e^  where  the  Ring  is  furtheft  from  your  Eye :  Then  you 
are  to  fcrew  into  0  0  (the  hollow  Screw  in  the.  End  of  the  Body  erf  your 
Microfcope)  the  3*,  4'^,  ^\  6^*,  7'^  Magnifying-Glafs  5  which  be- 
ing done,  while  you  are  looking  tnrough  the  Magnifying-Glafs  upon 
the  Objeft,  you  are  to  fcrew  in  or  Qut  the  long  Screv  J5  in  the  other 
End  of  the.Body  of  the  Microfcope,  till  you  bring  dieOtgcft  to  the 
true  Diftimce;  which  you  will  know  by  feeing  thc^Objeft  dearly,  and 
diilindly :  But  fince  in  the  greater  Magnifyers  you  can  fee  but  a  fmall 
.Part  of  the  Obje6t,  n)ix.  the  L^s.  or  Claws  of  a  Flea;  while  you  are 
iookipg  upon  any  Part  of  the  Otj^.  if  you  toehold  of  the  End  of 

the 


ifteFbte^^  wlieifibn  the  Obje&llos,  and  move  k  geadxt  you  may  fee 
dK  whole  Ofa]e&  fucoeifivdy,  or  any  Part  of  the  Objeffc  you  pleafe ; 
and  if  that  Part  of  the  Objeft»  you  defign  to  look  upon^  be  out  of  the 
true  DiflBnoe,  remember  your  ELixd-fcrew  2)  can  always  brii^  it  in»  fay 
(crewii^  it  ngsastt  or  fiEtfther  off.  ^ 

After  this  Manner  may  be  feen  all  tnuiibarent  Objefb,  Dufb,  Li* 
Qt^  Chryitals  of  Saks  ;  fmall  Infeds^  fuch  as  Fleas»  Mites,  6fr.  If 
diey  be  bifefis  that  will  creep  away,  or  fuch  ObjeAs  as  one  intends  Jta 
keq>,  they  may  be  pUtted  between  the  two  Rigtfter^lafits  ff.  ¥qc  by  Fig.  73. 
takinrr  out  with  the  Point  of  a  Penknife  the  Ring  that  keeps  in  the 
Glafies//,  where  the  Objed  lies,  they  will  fidl  out  of  diem&lTes ;  fo 
you  may  lay  theObfeft  between  the  two  hollow  Sides  of  them,  and  put 
the  Ring  in  as  it  was  befiMC  :  But  if  the  Ofcgefts  are  Dufts  or  I  iq«iri% 
a  fmall  Drop  of  the  Liquid,  or  a  little  of  the  Duft  laid  on  the  Outfids 
ef  the  Glais//,  and  supplied  as  beforej^  will  be  feen  very  eaOly. 

As  to  the  firft  and  iecond  Mamiifying-Glafib,  being  marked  with  a 
Crois  upon  the  Ivory  whcreb  they  are  fet,  they  are  «nly  to  be  ufed 
widi  tfaofe  R^fter-PlaUs^  that  are  alfo  marked  with  a  Crois,  wherein 
the  Objefb  ate  placed  between  two  thin  Talks,  becaufe  the  Thicknefs 
of  die  Glafles,  in  the  other  Regifters  or  Plates,  hinders  die  Objeft  from 
approaching  to  the  Centre,  or  true  Diftance  of  thefe  great  Mignifyera* 
wt  the  Manner  of  ufing  diem  is  the  iame  with  the  rormer  1  only  re- 
member when  you  put  in  or  pull  out  die  fame  Plate  or  R^iffaer  #f,  pig.  j^i 
(whereon  the  Objeft  lies)  or  move  it  from  one  Objeft  to  another,  not  to 
let  it  rub  your  Magnifying-Glafs,  which  is  done  by  unfcrewing  a  litde 
dieEnd-fcrew  D,  when  you  put  in  or  puU  oyt  the  Plate,  or  move  it  Fig.  72; 
from  one  Objeft  to  another. 

For  feeing  the  Circulaiicn  of  die  Bi^cd  at  the  Extremities  of  the  Jr* 
tmes  and  VeinSj  in  the  tranfparent  Parts  of  Filhes,  Eels,  ^c.  them 
are  two  Gla(s-Tubes,  die  one  Ugger  and  the  other  lefler,  is  defig^ed 
in  Fig.  yy.  wherein  the  Fiih  is  to  be  put ;  when  this  leiler  Tube  is  Fig.  77* 
ufed,  you  are  to  unfcrew  the  End-lcrew  D  in  the  Body  of  the  NCcrof- 
cope  until  the  Tube  ^^,  Fh.  77.  can  eafily  enter  into  that  litde  Ca- 
tky  G  of  the  Brafs-Plate  faftencd  to  die  Cork  F,  under  the  other  two  Fig.  72. 
diin  Plates  of  Brafs  EE ;  when  die  Tail  of  your  Fi£h  lies  flat  to  the 
Glafs  Tube,  fet  it  c^ofite  to  your  Magnifying^la&,  and  by  fcrew- 
ing  in  or  out  the  £nd-fcrew  D,  as  is  faid  &fore,  you  may  eafily 
bnng  it  to  the  true  Diftance,  and  fee  the  Blood  circulate  with  great 
Plcafure. 

When  the  bigger  Tube  is  to  be  ufed  vnUti  a  larger  FUh  or  Froe  %  then 
you  are  to  take  out  the  Brafe-Plate  GF  fattened  to  the  Cork,  by  pref-  Fig-  72. 
fing  down  the  other  two  Plates  ££,  and  die  Sf»ing  Hj  to  the  End  of 
the  Microfcope^B  ;  and  by  turning  the  Cork  and  Brafs-Flate  GF  fide- 
^s,  you  may  eafily  take  it  out,  and  put  it  in  again  ;  when  the  Cork- 
Pi^  GF\s  out,  the  Urgvr  Tube  will  eafily  enter  into  the  Body  of  the 
Inftrument,  and  is  to  be  ufed  as  the  other  lefler  one. 

Vqi-  IV,  D  d  ^  If 
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If  you  woiild  fee  the  Blood  circulate  in  a  Frog's  Foot,  chuia 
fuch  a  Frog  as  will  juft  go  into  your  Tube,  then  with  a  little  Stick 
expand  the  hinder  Foot  of  the  Frog,  and  apply  it  clofe  to  the  .Side 
of  the  Tube,  obfcrving,  that  no  Part  of  the  Frog  hinders  the  Light 
coming  on  its  Foot ;  and  when  you  have  it  at  the  juft  Diftance  by 
Means  of  the  Screw  2),  as  abovefaid,  you  will  fee  the  rapid  Motion 
of  the  Blood  in  its  Veffels,  which  are  very  numerous,  in  the  trahf- 
parent  thin  Membrane  that  is  between  the  Fred's  Toes  :  For  this 
Objeft  the  3**  and  4***  Magnifyers  will  do  very  well  ;  but  you  may 
fee  the  Circulation  in  the  Tails  of  IFater-Newts  with  the  5'*"  and  6^^ 
Glafs,  by  Reafon  the  Globules  of  the  Blood  of  thofe  Newts  are  as 
big  2%zm  as  the  Globules  of  the  Blood  of  Frc^  or  fmall  Fifh,  as 

r/V.infia  V.   ^  ^^  taktn  Notice  of  by  Mr.  Cowper  in  N®  280,  of  thefe  Tranf- 

v.C.VI.S.iii.  «^^^'^«^' 

N.  Bi  The  Circulation  cannot  be  fo  well  feen  by  the  ift  and  2^  Mig- 
nifyers,  becaufe  the  Thicknefs  of  the  Glafs  wherein  the  Fifti  lies,  hin- 
ders the  Approximation. 

Fig-  74«  The  Glais  placed  in  the  Manner  of  a  Barrel-Box,  Fig.  74.  is  only 

to  be  ufed  with  the  Brafs  Inftrument,  (or  in  your  Hand)  being  the 
leaft  Magnifyer  for  greater  Objefts,  fuch  as  Flies  and  common  In- 
fers, (^c.  The  Hole  a  in  the  Side  of  this  Box  is  to  be  fixed  on  the 
Point  A  of  the  Brals  Inftrument,  remembring  to  put  the  End  b  neatt 
your  Eye,  and  the  other  to  the  Objeft  ;  fo  if  you  take  up  any  Infoft 

P»g-  75*  in  the  Point  of  the  Tongs  *,  or  lay  any  opaque  Objeft  on  C,  the  other 
•End,  you  may  approach  them  to  the  true  Diftance,  by  the  Help  of 
the  Joints  and  Screw  C,  A  P,  jE,  (fpoken  of  before)  and  fee  them 
diftinftly. 

In  the  Viewing  of  Obje£b,  one  ought  to  be  careful  not  to  hinder  the 
Light  from  falling  upon  them,  by  the  Hat,  Peruke,  or  any  other 
Thing,  efpedally  when  they  are  to  look  upon  opaque  Objefts  :  For  no- 
thing can  be  feen  with  the  beft  of  GlafTes,  unlefs  the  Objeft  be  in  a 
due  Diftance,  with  a'fufficient  IJght. 

The  beft  Light  for  the  Plates  or  Regifters,  (where  the  Objeft  lies  be- 
tween the  two  Glafles)  is  a  clear  Sky-light,  or  where  the  Sun  (bines  on 
any  white  Thing,  or  the  Refleftion  of  the  Light  from  a  Looking-Glai$. 
The  Light  of  a  Candle  is  likewife  good  for  the  Circulation  of  very 
fmall  Objefts,  though  it  be  a  little  uneafy  to  thofe  who  are  not  praftifed 
in  Microfcopes  to  find  out  the  Light  of  the  Candle  \  but  Ufe  wiU 
make  every  Thing  eafy. 

For  the  Conveniency  of  thofe  who  would  draw  or  make  any  Sketches 
or  Defigns .  after  Microfcopical  Objefts,  I  have  alfo  made  a  Pedeftal  to 
fix  the  two  Inftruments  above  defcribed,  and  make  them  ftationary  to 
•any  convenient  Light  Thb.  Pedeftal  may  be  placed  on  a  Table,  6fr. 
and  after  the  Objeft,  and  Light  are  fixt,  as  many  Perfons  as  pleafe 
may  view  the  Objeft^  without  any  Trouble  or  Difficulty  in  finding  the 

.     ThQ 
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•    The  foUowii^  Figuros  were  drawn  by  this  Microfcope  fromfeveral  ^^MiObjeas 

A,  bICj  D,  £,  F  reprefcnt  the  Feathers  of  the  Wings  of  ButterJlUs*^'^''' 
and  Moths  \  A^B^ixt  the  fame,  but  differently  magnified.    A  was  ex-  Fig.  78. 
pieflbd  by  the  4'^  Glafs,  and  B  as  it  appeared  by  the  ift.     The  reft  be- 
ii^  taken  from  different  Parts  of  thole  InfeSsy  C,  D,  £,  F  were  all 
viewed  by  the  4***  Glafs. 

G  is  <Hie  Grain  of  the  Farina  of  the  Capilaments  of  Maloes  by  the  Fig-  7^ 
fiffi  Glafs. 

HH  is  the  Tail  of  a  fmall  Fifi<,  viewed  when  living  by  the  4'^  Glafs  %  Fig*  80. 
ii  is  the  Part  of  the  Tail  next  the  Body  of  the  Fi(h,  where  the  Trunks 
of  the  Veins  znd  Arseries  pafs  together.  ////  their  Extremities  which 
appear  united,  kikk  other  InofiulationSj  with  the  Arteries  and  Veins  ap- 
p^ring  in  the .  tranfparent  Membrane,  between  the  Cartilages  KK. 
LLLL  the  Cartilages  compofed  of  feveral  Joints,  on  each  Side  of  which 
the  Trunk  of  a  Vein  and  Artery  pafles.  M  an  Animalculum^  whereof  a 
great  Number  appeared  moving  themfelves  up  and  down  on  the  Tail  of  F^g*  *i* 
the  Fiih,  while  the  Circulation  was  viewing. 

N  reprefcnts  a  Side- view  of  the  fame  Animalculum.  Fig.  82. 

0  is  another  Animalculum  of  a  different  Figure  from  the  former,  that  Fig.  83. 
ftuck  to  the  Tail  of  the  Fifh  by  its  jagged  Extremity,  and  frequently 

drew  its  long  Body  out  and  in  again. 

P  ^  one  of  the  Uce  found  on  the  Beetle^  called  Scarabeus  Pediculofus  Fig.  84; 
by  the  4**"  Glafs.  P  its  Anus.  ^  its  two  Claws,  not  unlike  thofe  of  a 
Lobfter,  rrrr  the  Extremities  of  its  Feet,  which  have  a  remarkable 
Contrivance  for  (licking  faft  to  the  polifhcd  Surface  of  the  Beetle,  not 
ia  the  Manner  of  Claws,  as  many  other  Infeds,  but  divided  into  Capi- 
laooents,  as  exprelTed  in  the  Figure. 

S  the  fame  Animal  as  it  appeared  to  the  naked  Eye.  Pig.  %^^ 

VIIL  I  think  that  all  the  Microfcopes,  which  nreceded  Mr*  Leeu--  The  Manner 
wenbo£ck*Sj  are  fo  much  out-done  by  his,  that  it  will  be  proper  only  to  ^/  »^H  ^>- 
uke  Notice  of  thefe  and  the  refl  or  later  Invention,  not  defigning  to  ^1^%^^'/^^ 
Idfcn  their  Ufefulnefs,   but  only  to  add  a  few  Thoughts  which  may  be  Adams,  n. 
of  Service.  325.  p.  24. 

1  had  not  an  Opportunity  of  examining  Mr.  LeeuwenboeclCs  GlafTes 
particularly,  which  is  a  Favour  he  allows  to  none  ;  therefore  I  am  not 
capable  at  this  Diftance  to  defcribe  either  their  Make  or  Ufe,  any  fur- 
ther than  that  to  me  they  appeared  to  be  Spherules  lodged  between 
two  Plates  of  Gold  or  Brais,  in  a  Hole  whofe  Diameter  might  not  be 
bigger  than  that  of  a  fmall  Pin's  Head  ;  and  the  Objefts  I  faw  through 
them  were  pretty  and  diverting ;  but  ftill  their  Make  and  Truth  are 
"unknown. 

Mr.  Butterfield  is  very  curious  in  melting  his  Glafs,  but  I  fuppofe 
unfuccefsful  in  cafting  his  Spheres ;  for  befides  that  a  fufficiqnt  Quan- 
tity of  beaten  Glafs  cannot  flick  to  the  moiftened  Point  of  a  fine  Needle  5 
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fo  tieither  tan  it  run  equaUy,  hold  the  Needle  how  you  '^U,  nor  the 
Globule^  when  run,  ftick  to  the  Needle,  but  muft  unavoidably  drop ;  aaii 
Wherefocvcr  it  happens  to  fall,  it  muft  m  that  dm^ft  liquid  Slate  receive 
Impreffions  fufficient  to  fpoil  the  Figure  of  a  Sphere. 

Mr.  Gray  has  ifhewn  the  Defeft  of  his  Method,  which  he  ufcd  to  re- 
cover by  grinding  and  polifhing  his  Glafles  on  a  Brafs- Plane,  and  fo  re- 
duce them  to  Hemifpherules ;  bu^  how  far  fliort  poliflied  Glaffi»  (I 
fpeak  of  finall  ones)  come  of  thbfe  which  ;ffe  caft,  I  leave  to  any  one 
to  judge  who  has  feen  both.  His  Water  and  Quickfilver  Mkro&opes 
!  never  faw,  fo  can  fay  little  to  them. 

After  what  Manner  Mr.  JVilfoff^  Glafles  are  rtade-I  know  not,  but 
fure  his  greateft  Magnifyers  are  ill  placed,  they  being  furfc  to  fo  great* 
Diftance  from  the  Eye,  the  Objeft  cannot  appear  to -that  AdvAiftage  it 
otherwife  would ;  if  therefore  inftead  of  a  hollow  Ciap,  he  would  con- 
trive a|)lain  Plate  of  any  Metal  for  the  Reception  of  th^Glafs,  dienr  the 
Eye  and  the  Objeft  might  come  to  their  due  Diftance  -,  neither  ought 
there  to  be  any  Calx  or  Glafs  between  the  Objeft-  and  the  Spherule,  when 
we  ufe  the  greateft  Magnifyers  ;  becaufe  if  the  Focus  of  a'  Sphere  be 
upon  the  Extremity  of  its  Circumference,  any  fmall  Diftance  from  that 
muft  fpoil  the  Truth  of  the  Objeft*s  Appearance. 

I  cannot  fay,  that  the  GlaflTes  I  have  'made  are  without  Fault,  but  I 
think  they  magnify  more  than  any  I  have  yet  feen  ;  and  were  they  pla- 
ced to  the  beft  Advantage,  they  would  magnify  much  more  than  they 
do :  They  are  made  thus. 

I  take  a  Piece  of  fine  Window-Glafs,  and  I  rafe  it  with  a  Diamond 
Into  as  many  Lengths  as  I  think  needful,  not  exceeding  an  Eighth  of 
an  Inch  in  Breadth  \  then  holding  one  of  thefe  Lengths  between  the 
Fore-finger  and  Thumb  of  each  Hand,  over  a  very  fine  Flame,  until 
the  Glafs  b^ins  to  foften,  I  draw  it  out  till  it  be  as  fine  as  a  Hair, 
and  break  :  Then  inuring  each  of  the  Ends  into  the  pureft  Part  of  the 
Flame,  I  have  two  Spheres  prefently,  which  I  can  make  langer  or  left 
as  I  pleafe ;  if  they  ftay  long  in  the  Flame,  they  will  have  Spots,  fo  I 
draw  them  out  prefently  after  diey  turn  round.  As  for  the  Stem,  I 
break  it  ofi^as  near  the  Ball  as  I  can,  and  lodging  the  Remainder  of 
this  Stem  between  the  Plates,  and  by  drilling  die  Hole  exadlly  rounds 
all  this  Protuberance  is  buried  between  the  Plates,  and  the  Micro- 
fcope  jperforms  to  Admiration  ^  infomuch,  that  die  fame  Thread  of 
very  fine  Muflin  appeared  3  or  4  Times  bigger  in  one  of  thefe,  than 
it  did  in  the  firft  or  Second  of  Mr.  Wilfm^s.  I  thought  I  faw  Animals 
in  fine  old  Brandy  ;  but  they  were  fo  nimble  in  their  Modon,  that  i 
^uHa^^  ^  ^^  &^^  ^^  particular  Defcription  of  them.  Human  Blood  is  fo  far 
from  fhowing  any  red  Globules  fwimming  in  Serum^  that  immediatMi|^ 
after  its  Emiffion  it  appears  to  be  a  Body  of  infinite  Branches,  run- 
ning in  no  certain  Order,  varioufly  coloured ;  where  it  lies  thickeft 
on  the  Glafs,  it  is  of  a  dull  Red  j  where  thin,  inclining  to  Yellow  5 
but  the  Whole  fo  blended,^  as  to  feprefcnt  very  near  the  Top  of  a  Yew- 
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Tree  in  a  very  fine  Landskip,  having  its  fuppofed  Branches  of  a  Red  and 
Yellow  confuiedly  intermixt.  But  not  fatisBed  with  this  Appearance, 
though  tiie  Ciine  as  to  Qualitv  in  eleven  diScitnt  Glafles,  and  as  many 
different  Sorts  of  Blood,  I  relolved  to  view  it  another  Way,  which  was, 
by  diluting  one  Third  of  Thick  in  the  Serum  of  Blood  ;  and  laying  it 
upon  my  Glais,  I  coukl  fee  the  red  Branches  as  before,  and  the  Tranf- 
parent  filled  wth  Particles  of  great  Variety  of  Figures,  which  I  took  to 
oe  the  Salts  of  the  Blood,  but  feweft  globular,  and  they  were  pellucid. 

If  the  Fluids  moving  in  an  evanefcent  Artery  appear  globular,  I  fup* 
pofe  it  is  becauie  the  Canal  is  round,  which  alters  the  Cafe  much. 

I  liad  at  the  fame  Time  an  Opportunity  of  viewing  fome  Pluritic ^V]^^^ 

Blood  ;  and  thought  that  its  Branches  did  fpread  in  a  different  Me-  riik  BUo^l. 
thod  firom  the  Sound,  and  more  ftrongly  perplexed  with  overthwart 
Branches,  which  appeared  black  like  Blood  that  had  ftood  two  or  three 
Days.  Whether  die  Attraftion  of  Particles  arifuig  from  the  Diffe- 
rence of  F^re,  may  not  render  the  Blood  incapable  of  paffmg  through 
the  capillary  Arteries  of  the  Pleura  in  that  Cafe,  let  others  judge  ;  but 
I  fhould  think,  that  fmce  the  propellent  Force  of  the  Heart  is  leaft  at 
the  capillary  Arteries,  then  there  the  attraftive  Force  of  the  Particles 
of  the  Blood  Ihould  be  greateft  ;  and  fince  Spherical  Bodies  are  the  moft 
attrad:bve  of  any,  Refpeft  being  had  to  their  Solidities,  were  the  Biood 
fo  plentifully  (locked  with  Globules,  as  fome  fay,  we  Ihould  never  be 
free  from  Obftru^ons,  the  natural  Confequence  of  this  attraftive  Force. 
If  my  Glaffes  have  deceived  me,  and  if  this  that  I  have  written  be  found 
to  be  a  Miftake,  no  one  ihall  more  readily  retraft  and  acknowledge  it. 

IX.  4cccunt  of  a  Book  omitted. 

linear  PerJpeSive^  or  a  new  Method  of  Reprefentifig  }uMy  all  Manner  ^  , 
of  Objefts^  tf^.  By  Brmfk  Taylor^  LL.  D.  and  R.  S.  Seer.  8^.  Lon-p/j^y 
don,  1715. 

The  Author  havina  in  his  Book  obferved,  that  there  might  be  a  very  Ah  Ad^wt 
goodiExpedieni  made  life  of  in  painting  of  large  Rooms  and  Churches,  ^^^-  P*  l^h. 
which  is  drawn  from  the  Nature  of  thofe  Rays  which  produce  the  Va- 
nifiing  Points^  but  not  having  mentioned  it  in  his  BoOk,  has  thought 
proper  to  take  Notice  of  it  in  the  Account. 

The  Escpedieni  b  this :  Having  fome  Way  or  other  found  the  Re« 
prefentation  of  one  Point  of  a  Line  that  is  wanted  in  the  PiAure,  to 
find  the  whde  Line,  pafs  a  Thread  ftretched  through  the  Place  of  the 
Speftator^s  Eye^  in  a  Direction,  parallel  to  the  Diredion  die  original 
uoe  ought  to  be  in,  and  the  Shadow  of  that  Thread  cafl:  by  a  Candle, 
fo  as  to  pafs  through  the  given  Point  on  the  Pifture,  will  be  the  Repre- 
ftntatiofi  foi^t  The  Reafon  of  this  Conllrudion  is,  becaufe  the  Rays 
of  Light  that  pafs  from  the  Candle  to  the  Thread  fo  ftretched,,  make 
the  Plane  which  generates  the  Reprefentation  fought ;  {Vid.  Prop^  i.) 
and  there  may  be  other  Ejqpedients  of  the  like  Nature  gathered  from 
^  &me  Principle*. 
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Of  Caffini'/^  I*  f^  I N  C  E  the  Time  that  the  celebrated  Mr.  Cqffinh  in  his  Trea- 
Orhit  of  the         ^^   tife  of  the  Origin  andProgrefs  of  Jftronotny^  has  propofed  to  the 
Planct8,^y/)r.      \^   Aftronomers  a  certain  Curve  for  the  Orbit  of  a  Planet ;  there 
2^*^f p7i704.  J^^  ^^^  much  Debate  among  the  Learned  concerning  the  Nature  of 
'  this  Curve,  and  the  L.aw  of  Gravitation  required  in  order  to  its  being 
defcribed.     As  I  have  thought  again  upon  the  fame  Subjeft,  not  only 
the  different  Species  of  this  Curve,  but  fom^  of  their  Properties  not 
fufficiently  examined,  have  occur*d  to  my  Enquiries. 
'  Fig.  86,  It  is  now  well  known,  that  the  Nature  of  this  Curve  is  this.     If  from 

two  given  Points  F  and  G  to  any  Point  of  the  Curve  H  two  Lines  are 
drawn  F// and  G/y^' the  Redajigle  under  FH  and  G/f  is  equal  to  a 
given  Space.     The  right  Line  FG,  being  produced  each  Way  till  it 
meets  the-  Curve,  will  ihew  the  two  Vertices  A  and  B ;  and  AB  is  the 
principal  Axis.     And  C  the  middle  Point  between  the  Vertices  will  be 
the-  Center  of  the  Figure.     And  DE  drawn  through  C  perpendicular 
to  AB  will  be  the  leffer  Axis  :  And  the  Points  F  and  G  are  the  Foci. 
In  this  Figure,  if  thele&er  Axis  is  greater  than  the  Diftance  of  the 
'  Foci,  the  Curve  terminating  the  Figure  is* every  where  concave  towards 
'  the  Center,  fuch  as  the  Figure  is  commonly  defcribed.     But  if  the  Di- 
ftance of  the  Foci  is  leffened,  while  the  prihcijpal  Axis  continues  the 
fame,  the  leffer  Axis  will  be  increafed,  which  yet  rema.ins  lefs  than  the 
Axis  of  an  Ellipfis,  defcribed  with  the  fame  principal*  Axis  and  the 
lame  Foci  :  Till  at  laft  when   the  Foci  unite,    it  becomes  equal  to 
:  the  greater  Axis,  and  the  Figure  changes  into  a  Circle.     But  on  the 
contrary,  if  the  Diftance  of  the  Foci  increafes,  the  leffer  Axis  will  be 
leffen'd,  and  will  become  equal  to  the  faid  Diftance,  when  this  is  to 
the  principal  Axis,  as  Unity  is  to  a  mean  Proportional  between  Unity 
and  the  Number  3. 

If  the  Diftance  of  the  Foci  be  farther  encreafed,  the  lefler  Axis  will 
be  ftill,  leffen*d,  and  the  Curve  at  its  Extreams  will  be  no  longer  con- 
•Fig.  87.  cave  towards  the  Center,  but  convex  as  m  Fig.  87.  till  the  Diftance  of 
the  Foci  being  fo  far  increafed,  that  it  is  to  the  greater  Axis,  as  the 
Side  of  a  Square  to  its  Diameter ;  the  leffer  Axis  will  become  nothing, 
and  the  Curve  will  reach  on  each  Side  to  the  Center. 

If  the  Diftance  of  the  Foci  is  greater  than  the  aforefaid  ratio^  the 
leffer  Axi^  becomes  impoffible,  and  the  Figure  changes  into  two  con- 
Fig.  88.        jugate  Figures,  as  in  Fig.  88.  which  will  be  leffenM  as  the  Diftance  of  the 
foci  increafes,  till  'at  laft  the  Figures  pafs  into  two  conjugate  Points  only. 
/  The' 
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The  Diftance  of  the  Foci  ftiU  increfkfing,  the  two  conjugate  Figures 
cmei^e  ag^  which  increafe  in  the  fame  Manner  as  they  decreafed  be- 
fore, being  Cerent  from  the  former  in  the  Order  of  the  Foci  and  Ver- 
tices, and  go  on  increafing  till  they  become  infinite.  And  after- 
wards this  Syftem  will  again  approach  to  the  Circle  by  the  fame  De- 
grees as  before  it  receded  from  it. 

Hence  it  aTO>ears  at  the  firft  View,  that  this  Figure  cannot  be  at  all 
proper  to  conftitute  the  Orbit  of  a  Planet.  For  not  to  mention  the  Cafe 
wherein  it  becomes  two  Figures,  and  forfakes  the  Nature  of  an  Orbit, 
diat  is,  whenever  its  Excentricity  is  fo  great  as  the  Comets  require,  (tf 
they  turn  about  the  Sun  like  Planets,  as  is  mod  probable)  to  delcribe 
their  refpe6tive  Courfes  :  To  pafs  over  thefe  Cafes,  as  faid  before,  even 
in  thofe  Cafes  in  which  it  returns  into  itfelf,  and  compleats  its  Orbit, 
ibme  of  its  Excentricities  are  fo  large,  that  near  D  and  E  the  Curve  Fig.  87^ 
becomes  convex  towards  the  Sun,  and  therefore  the  Planet  would  have 
Occafion  for  a  Centrifugal  Force  from  the  Sun,  that  it  may  deicribe  this 
Part  of  its  Orbit,  whilft  at  the  fame  Time  both  in  Places  that  are  nearer 
and  more  remote  B  and  ji  there  ought  to  be  a  Centripetal  Force  towards 
the  Sun.  That  is,  it  muil  be  allow'd,  that  the  Circumfolar  Bodies  may 
move  by  fuch  a  Law,  that  at  equal  Intervals  from  the  Sun  here  a  Cen? 
tripetal  Force,  and  there  a  Centiifugal  can  obtain,  which  how  contrary 
it  is  to  the  known  Laws  of  Nature  is  eafy  to  perceive.  And  tho*  none 
of  the  Planets  have  fo  great  Excentricity,  yet  fmce  it  is  known  to  Geo- 
metricians, that  if  all  the  Species  of  a  Figure  beyond  a  certain  Limit 
are  unfit  for  performing  a  natural  Fundion,  the  remaining  Species  of  that 
Figure  on  diis  Side  the  Limit,  cannot  be  admitted  as  fit  for  perform- 
ing the  fame  Fun&ion :  This  Curve  of  Caffini's  mull  of  Neceflity  "be, 
rejefted  out  of  Aftronomy,  not  only  for  the  Reafons  alledged,  Prop.  8. 
Ub.  3.  of  the  Elements  of  Aftronomy,  fbat  it  neither  agrees  to  the  Ob- 
ferva/ions  of  the  Heavens^  becaufe  of  the  Brevity  of  tbefhorter  Axis^  nor  do 
Pbyfical  Reafons  correfpond^  fince  for  the  Defcription  of  this  a  Centripetal 
Force  towards  the  $un  is  required^  greatly  deviating  from  that  which  Na- 
ture makes  Ufe  of ;  but  likewife  becaufe  of  the  utter  Impoflibility  of  it. 
For  it  is  impoffible  that  any  Species  of  this  Figure  fliould  be  defcribed 
by  a  Planet,  fo  that  the  Angles  at  that  Focus,  which  is  different  from 
the  Sun,  may  be  proportional  to  the  Times  ;  for  thus  the  Area  defcribed 
by  the  Radius  tending  to  the  Sun  could  not  be  proportional  to  the  Times. 
For  the  Angle  at  one  Focus  being  increafed  by  equal  Increments,  the 
contemporary  Increments  of  the  Area  to  the  other  cannot  become  equal ; 
contrary  to  the  Opinion  I  lately  entertained  of  this  Matter. 

In  Figures  87,  88.  the  greateft  Breadth  of  the  Figure  is  found,  if  with  Rg.  87,  gf* 
Center  C  a  Circle  is  defcribed  thro*  the  Foci  ;  for  this  will  cut  the  Curve 
in  the  Points  L,  L,  which  are  the  Points  required.  And  tiie  greateft  Or- 
dinate JTL  is  a  third  Proportional  to  the  right  Lines  GF,  and  /*!)  is  the 
firft  of  thefe,  or  a  fourth  Proportional  to  GFy  GJy  and  AFy  in  both  of 
them. 
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DEtemskSxi%^  the  Ordinate  FF  from  the  Focu^  is  eqmd  to  die  leflcr 
Semiasds  C  A  when  the  lefTer  Aads  is  to  the  Diftance  of  the  Foci,  as  the 
Side  cf  a  Square  is  to  its  Diameter.  If  thcDiftance  of  theFod  is  greater 
than  in  this  ratio,  FP  will  exceed  CD. 

7be  Ncwtoni-  H.  Kepler  was  the  firft  that  demonftrated,  that  the  Planets  were  not 
KtwTpfo'  ^^^^^  ^*^^  **  Circular  Orbits,  but  in  Elliptical  ones ;  and  diat  they 
h^m  ^dmtm-'  ^UTounded  the  Sun,  placed  in  one  of  the  Fod  of  the  Ellipfis  in  fuch  a 
jirated,  &c.  iy  Manner,  that  a  Radius  extended  from  the  Planet  to  the  Sun's  Center,  al- 
i>r.  J.  Keil^n.  ^^y  defcribes  Elliptical  Areas,  whidi  are  jtfopordonal  to  the  TioKs  of 
337-  P«  »•      Defcription. 

This  Divine  Difcovery  of  the  moft  f^adous  Kepkr  is  owing  to  the  very 
exa£t  Obfervations  o^TycbaBrabe  \  and  is  fo  much  the  more  to  be  efteem* 
ed,  that  by  the  Hdp  of  this  Newtm  has  moft  happily  Idd  open  die 
Laws  of  Motion,  and  the  Philofophy  of  the  Syftem  of  the  Univofe. 

Since  thei^ore  the  Planets  move  about  the  Sun  according  to  this  Law, 
that  thdr  Places  in  their  own  Orbits  may  be  determined  to  any  ^ven 
Time,  there  is  Occafion  that  the  following  Problem  Ihould  be  folved. 

To  find  the  Pofititm  of  a  right  Une^  wbicb  pqffbig  thraiigb  either  of  the 
Foci  of  a  pven  FJUfft$^  may  cut  off  an  Area  defcribed  by  its  Motim^  wbkb 
wuiy  be  to  the  whole  Area  of  the  Ellipfis  in  a  given  ratio. 
H'  89*  Let  the  Ellipfis  be  APB,  cither  of  whofe  Fod  is  S.    The  Pofition  of 

the  right  Line  SP  is  to  be  found,  which  may  cut  off  the  Trilinear  Area 
ASP,  to  which  the  Area  of  the  whole  Ellipfis  has  the  lame  ratio,  as  the 
periodical  Time  of  the  Planet  defcribing  tne  Ellipfis,  has  to  any  other 
given  Time.  This  being  found,  the  Point  P  will  be  given,  where  the 
Planet  will  be  at  that  given  Time.  Or  let -^^5  be  a  Scmicirde  de- 
fcribed upon  ^e  greater  Ams  of  the  Ellipfis  ;  a  Line  S^  is  to  be  drawn 
thro* '5  cuttin^-off  the  Area  AS^  to  which  the  Area  of  the  whole  Circle 
is  in  the  fame  ratio.  For  if  from  ^a  Perpendicular  ^H  is  let  &li  upon 
the  Axis,  meeting  the  Ellipfis  in  P  ;  drawing  the  Line  SP  it  will  give 
the  Elliptic  Area  required,  and  the  Point  P  will  be  the  Place  of  the 
Planet  at  the  given  Time.  For  die  Semif<^ment  of  the  Ellipfis  APH 
is  to  the  Semifegment  of  the  Circle  A^H,  as  HP  to  H^;  that  is,  as 
the  Area  of  the  whole  Ellipfis  is  to  the  Area  of  the  whole  Circle.  But 
the  Triangle  SPH  is  to  the  Triangle  S^H  in  the  fame  ratio  of  PH  to 
^H.  Therefore  the  Area  ASP  is  to  the  Area  of  the  vAtolt  Ellipfis,  as 
the  Area  AS^  is  to  the  Area  of  the  whole  Circle.  Therefore  if  we  had 
a  Method  of  cutting  the  Area  of  the  Circle  in  a  given  ratio,  by  a  Line 
drawn  through  the  given  Point  5,  it  would  be  eafy  to  cut  the  Elliptic 
Area  in  the  fame  ratio, 

Kepler  himfelf,  who  firft  propofed  the  Problem,  had  no  direft  Method 
of  computing  the  Planets  Place  from  the  Time  being  given.  He  was  fain 
to  proceed  thro*  the  feveral  Degrees  of  the  Semicircle  A^Bj  from  the 
given  Arch  A^^  which  they  call  the  Anomaly  of  the  EKentrick,  and  to 
calculate  as  well  the  Time  by  the  Area  AS^  which  is  proportional  to 
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die  mean  Anomaly,  as  the  Angle  ASTj  that  is  the  Place  of  the  Planet» ' 
or  the  coequated  Anomaly  correfponding  to  this  Time. 

Therefore  as  the  Solution  of  this  Problem  was  difficult,  Aftronomers 
betook  themfelves  to  other  Hypothefes,  feigning  ibme  other  Point  to  be 
tfaat^  about  which  the  Motion  was  equable  or  proportional  to  the  Time, 
and  thence  the  mean  Anomaly  being  given,  they  determined  the  co- 
equatoi  Anomaly.  But  Computations  founded  upon  thefe  Hypothefes 
were  found  not  to  agree  with  the  Obfenrations.  Therefore  Greometers 
had  Rccourfe  to  various  Approximations,  by  which  from  the  given 
Area  JS^^  which  is  analogous  to  the  Time,  the  Angle  ASP^  or  the 
Place  of  the  Planet  may  be  had  very  nearly.  But  the  eafieft  of  all  di^e, 
and  moft  ready  for  Pn»ftice^  feem's  to  me  to  i3e  that  Method  which  is 
uught  by  Mr.  Newton  in  his  PriwdpiOj p.  ii  i,  and  112.  of  the  firft  Edi- 
tion,  which  is  v€ry  much  like  that  Method,  by  which  Analyfts  extraft 
the  Roots  of  afiedbed  Equations ;  and  indeed  is  fo  much  the  more  to  be 
efteemed,  as  that  it  not  only  exhibits  the  Places  of  the  Planets,  whofe  Or* 
bits  approach  very  nearly  to  the  Form  of  Circles,  but  ahnoft  with  the 
lame  Facility  may  be  applied  to  Comets,  which  move  in  Orbits  that 
are  very  exccntrick. 

Therefore  I  thought  it  not  amifs  to  explain  that  Method  here,  for  the 
Sake  of  fuch  Artifts  as  are  defirqus  of  coi^ufting  Aftronomical  Tables^ 
according  to  die  true  Laws  of  Motion,  ai^  not  by  any  fiftitious  Hypothefes. 

Therefore  let  J^  be  a  Semicu-jde  dcfcrioed  i^on  the  greyer  Axis  pjg.  ^ 
of  an  EUipiis,  whoft  Center  is  C,  and  S  is  the  Focus  in  which  the  Sun  is 
placed.    Let  C^  be  drawn,  upbn  which,  produced  if  Need  requires, 
let  fall  the  t^erpendicular  SP/^Thc  Area  AS§  is  equal  to  the  Seftor  * 
jtC0  added  to  the  Triangle  CS^=  i  C^x  ^^+  4  CSx  SF  5  and 
d»xiore  becaufi  of  4^  C,^  being  given,  the  Area  AS^  will  always  be 
proportional  to  the  Arch  d^^  added  to  the  right  Line  SFy  when  the 
Motion  is  from  the  Aphelium  towards  the  Penhelium.    But  when  the 
Planet  tends  from  the  rerihelium  towards  the  Aphelium,  as  in  Fig.  92. 
die  Area  BS^^  Se^or  ^C^— •  Triang.  C5^,  and  therefore  it  will  be 
proportional  to  the  Arch  B^ —  right  Line  SF.    Hence  if  there  is  taken 
the  Arch  AN^  in  Fig.  90,  91.  ma  BN  in  Fig.  92.  proportional  to  the  pig.co.oi.ga. 
Times,  it  wai>^|,+  5i^=?^JV;  and  jB^—,y|':;jJjy:    Whence 
5F  will  be  equal  to  ^^V,  if  A  Nor  £i\r  arc  proportional  to  the  Times 
in  which  the  Areas  ^5^  or  55^  are  dcfcribcd.    Now  that  the  Mea- 
furc  of  the  Arch  in  the  Periphery  A^B^  which  Arch  is  equal  tp  the 
right  Line  SF^  mav  be  found  in  Degrees  and  Parts  of  a  Degree :  Let  it        ' 
be  made  as  C^to  g5,  fo  is  the  Arch  pf  57*20578  Desrwjs,  (which  is 
equal  tio  the  Radius  C^)  to  a  fourth  Arcn,  vhicn  will  be  ecjiial  to  CS. 
lit  that  Arch  be  J5.    But  it  is  C3  to  SF^  as  Radius  to  the  Sme  of  the 
Anele  SCFoxAC^    Therefore  let  it  be  made,  as  Radius  to  the  Sine 
of  me  Angle  AC^<ff  the  Arch  A^%  fo  is  the  Arch  ^S  to  anodier  D  ; 
th«  Arch  i)  will  be  equal  to  the  ri»it  Lin^  ^F  \  thercfo^  if,  at  a  given 
Tune,  the  Area  AS^  ^crc  proporaonal  to  the  Time,  tfe  Arch  D  would 
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be  equ^  to  N^j>  and  taking  the  Atch  NP  ssDi  the  Fbint  ?  woirid  fall 
upon  ^  But  if  the  Area  AS^fhoaidaoit  oxaftly  anfvRer  to  the  Timt^ 
the  Point  P  will  Ml  abort  or.  below  ^  according  as  the  Area  JiS^  is 
greater  or  le6  than  the  true  Area  whkk  an^wets  to  the  Tune.  Let  it' 
be  AS^  and  let  SH&H  perpeodicuUrlj  upon  Cq.  By  what  has  be> 
fore  been  demonftrated,  it  will  be  SHssNq.  But  it  isSFzsNP, 
whence  it  wUl  be  5fl  —  5 F,  or  5F—  ^fl,  that  is  nearly  HEsqP 
s=^P  — ^f,or^  — ^.  AndiftheAngle^Cf  beafinattone, 
icwiU  beCH.C^::H£.^y::^~^y.^.  WhenceC^H- 
CH.  C^: :  ^P.^f,  when  the  Arch  ^  is  lefs  than  a  Quadrant.  But 
when  it  is  greater  thai  a  Quadrant,  it  will  be  C^—Cfl"..C^::^/>. 
^q.  And  in  like  Manner  wjien  the  Axch  ^^  is  left  than  a  Quadrant* 
it  will  be  C^— CH.  C^c :  ^P.  ^y. 

If  the  Angle  ^C^or  ^C^is  a  finall  one»that  is,  ifthePknet  bnear 
the  Apfids,  it  will  be  CA^CS.  CAi-.^.^q. 

Let  it  be  made,  as  C^to  C^  ib  is  Radius  ii  to  a  certain  LengthL^ 

itwiUbe  C^=r±?Jl.     Butit  is,  as  Radius  to  the  Cofine  of  the 
R 

Angle  AC^  fa  is  SC  to  CPor  CH-,  (for  CH  and  CFare  nearly  equal) 
Whertfore  it  will  hcCHts  SC  xCoL  AC  ^ .  andtheieforei^P.^f :: 

C^x£+C^xCof.^C^    ^±^-iL::i^.Cof.^Cei^  when  the 

R  R 

Arch  A^  is  lefs  than  a  Quadrant.    But  If  J^  be  greater  than  a.  Qua- 
drant, it  wUl  bc£^ .  ^j : :  L  —  CoC^C^.  L. 

And  in  this  Method  if  an  Arch  J^  be  any  how  taken,^  which  is  fomC' 
thing  lefs  or  greater  than  the  Truth,  thence  will  be  found  an  Arch  ^  to 
be  j^ed  to  it,  or  taken  from  it,  which  will  make  the  Area.  JS  q  very 
nearly  proportional  to  the  Time.  And  if  inftead  of  yf  ^  be  t&en  an 
Arch  ^tf,  and  a  Procefs  be  made  with  this  like  the  former,  another  A  a 
will  be  found,  which  in  l&e  Manner  by  repeating  the  fame  Procefs,  will 
ffvc  another  jtq'9  ^^  ^us  we  may  approach  as  near  the  Truth  as  we 
pleaie. 

The  Angle  ACq  being  foimd^  we  fiiall  eafily  have  the  Angle  AS  f, 
fince  in  the  Triangles C5  are  given  the  Sides  Cq  and  CS^  and  the  An- 
de  qCS*  Thence  wUl  be  given  the  Angle  CSjj  whofe  Tang^t  is  to  be 
WTen'd  in  the  rado  of  the  leffer  Axis  of  the  Hlipfis  to  the  greater,  that 
at  laft  may  be  had  the  Tangent  of  the  Angle  AS  P.  Or  perhaps  die 
Angle  ASP  mav  be  thus  found  more  eafily.  Let  F  be  die  Number 
which  expreflb  the  Length  C5  is  fuch  Parts  as  C^is  looooo.  From 
the  Point ;  to  the  Axis  let  j  r  be  a  Perpendicular,  which  will  he  the.  Si» 
of  the  ^ven  Arch  Aq^  and  Cr  will  be  the  Cofine  of  the  fame,  tod  Sr 
will  be  equal  to  die  Sum  or  Difference  of  the  right  Lines  Cr  and  CS  i 
"datis^Srs^F+CoBtuACq.  Therefore  in  die  right  apj|(l9d  T^iatfgle 
-  '   rfi. 


rS^  ^randff  bdng^Ttn,  theAngler^fiiuiy  be  r«imd,  Heocelf 
the  JLogarithm  of  the  Sine  of  Che  Angle  ACq^  and  the  Arithmetical 
Complement  of  the  Logarithm  of  Sr^  and  the  Logarithm  of  the  Ratio 
of  the  leflfer  Axis  of  the  EUipfis  to  the  greater,  be  added  together  into  one 
Sum  ;  the  Logalrithmical  Tahgwit  of  the  Angle  ASP  wilTbe  j^ven. 

But  the  Readinefs  of  this  Method  is  id  great,  that  it  requires  rather 
to  be  iQuftrated  hj  Examples,  than  by  any  farther  Explanation.  There- 
fore we  may  try  it  in  the  Motion  of  the  Planet  Mars^  in  the  Ortnt  of 
inrhich,  according  to  the  Caroline  Tables,  the  Excentridty  is  to  the  mid- 
dle Diftance,  as  14100  to  152369,  and  therefore  the  Logarithm  of  the 
Arch  B^  which  is  equal  to  the  right  Line  S  C,  will  be  0.7244451.  AUb 
in  this  Example L  will  be  108063 1  Parts,  fuch  as  the  Radius  is  looooo : 
Let  die  An^  ^C^be  found,  when  the  mean  Motion,  or  the  Arch 
prbportional  to  the  Time  computed  from  the  Aphelium,  is  of  one  De- 
gree. Becaufe  C^is  here  nearly  one  tenth  Part  of  Cif,  I  fuppofe  the 
Arch  ^^to  be  0.9  Degrees,  that  is,  one  tenth  Part  leis  than  the  mean 
Motion.  Let  there  be  added  the  Logarithmical  Sme  of  the  Arch  A^ 
to  the  Logarithm  of  jB,  and  the  Sum  8.9205471  is  equal  to  the  Lo- 
garithm of  the  Number  0.08328 1,  which  Number  aqprefles  an  Arch 
equal  to  the  right  Line  SFzs  NP.  And  if  the  Arch  A^  had  been 
rightly  affumcd,  it  would  be  AN-^NP  =  A^  and  ^  =  o.  But 
here  it  is  ^P  =  0.016^19,  from  whence  if  we  take  away  its  11  Part, 
fimre  A 8  exceeds  AC  uy  about  an  eleventh  Part  of  itfelf,  there  will  re- 
main ^=0,0152  \  which  being  added  to  A^  gives  A^^  0.9152, 
which  does  not  diSkr  from  the  true  Aq  by  a  thoufandth  Part  of  a  De- 
fftt.  Secondly,  let  the  Arch  AN  or  the  mean  Motion  be  2  Degirees. 
I  make  AS^:=z  1,83  almoft  double  the  former  Aq^  and  to  its  Loga« 
rithmical  Sine  let  be  added  the  Logarithm  of  B.  The  Sum  wilt  be 
9^2286997,  which  is  equal  to  the  Logarithm  of  die  Number  0916931. 
whence  it  will  be  ^P  =:  0,00063,  and  -rfj  ==  1,83063,  which  does 
not  differ  from  the  true  Af  by  the  ten  thoufandth  Part  of  a  Degree.  Af« 
ter  die  fame  Manner  let  the  mean  Motion,  or  the  Arch  proponioaal  to 
the  Time,  be  3  Degrees.  Make  the  Arch  ^^2,745  =s  1983  +  0,915, 
;aKl  to  ifs  Logarithmical  Sine  addJjig  die  Logaridim  of  j9,  there  will  be 
had  the  Logarithm  of  the  Number  0,25392  =  -ATP,  and  AN^^  iVP= 
2,74608,  and  there&re  ^  P  =  o,ooto8.  Whence  ^  =  0,001-  nearly, 
and  Aq  ^ss,  9,746.  Thus  by  one  Additipn  of  two  Logarithms,  the  Arch 
A^  wiB  be  found,  which  will  be  true  to  the  thoulandm  Part  of  a  Degite. 

Now  if  the  Angle  ACq  is  to  be  found,  not  by  proceeding  by  Degrees 
but  per  fahmn^ 'mhcn  die  mean  Motion  is  45  Degrees :  I  make  die  Arch 
A^  to  be  4aDegrees^  and  to  its  Logarithmical  Sine  adding  die  Lo* 
pridim  of  A,  the  Sum  130,532^x25,  which  is  the  Logarithm  of  the 
Number  3,408 1 .  This  Number  wbtrafted  from  45  leaives  AN*^  NP 
941,5919,  whofe  Excefs  abort  the  Arch  A^ii  195919*  Whence 
if  it  be  made,  as  L  +  Cofin.  AC ^to  Z,  fo  is  Ij59I9  «>  Modier, 
die  AxA  itf  ^"^  be  found  to  be  1,4865  Degrees.    Therefore ^^f  si 
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41,4865,  which  A\fkx%  from  the  Trud^jnot  much  above  the  thoafaAdch 
Part  of  a  Degree.  But  without  this  Proportion  Aq  may  be  found,  by 
taking  a  new  Arch  A^  which  is  a  little  \tk  than  AN  —  JVP,  yet 
nearly  equal  to  it.  For  Inftance,  make  A^:=z  41,50,  and  adding  the 
given  Logarithm  of  J  to  its  Logarithmical  Sine,  there  will  be  had  ano* 
'  ther  NP  =  3935i3i>  which  fubtraftcd  fropi  AN  pves  41,4869  for  a 
new  Aq.  And  this  Arch  is  derived  with  le(s  Trouble,  and  comes  nearer 
the  Truth  than  the  former  Aq. 

After  Aq'vi  found  ccMrefponding  to  the  mean  Motion  45  Degrees, 
proceeding  again  by  Steps,  by  (me  Addition  of  two  Logarithms  will  be 
had  Aq  to  all  the  fubfequent  D^rees  of  the  mean  Motion.  For  Inftancc^ 
when  the  mean  Motion  is  46  Degrees,  I.  mjike  ASi,x=^  4^94249  ;  and 
adding  its  Logarithmick  Sine  to  the  conilant  Lc^arithm  of  £,  it  will  be 
AN  -^  NP  =  42,4249  •,  to  which  Arch  if  a  new  A^  be  put  equal, 
there  will  be  had  Aq^  whiqh  will  not  differ  from  the .  true  Aq  bf  the 
thoufandth  Part  of  a  Degree.  So  when  the  mean  Motion  b  47  Degprees, 
I  make  AS^  =43936,  equal  to  the  former  Aq  added  to  the  Increment 
of  that  Arch  for  one  Degree  of  mean  Motion,  and  adding  its  Logarith* 
mick  Side  to  the  Logarithm  of  jB,  the  Sum  will  be  the  Logarithm  of  the 
Number  3,6402,  which  fubtrafted  from  AN  leaves  ,^iV—rJVP  = 
43,^593  equal  to  the  new^,  which  differs  from  the  true^;  about 
the  te^Ur  thoufandth  Part  of  a  De^ee, 

[  If  omitting  the  intermediate  Degrees,  the  Arch.  Aq  h  to  be  found 
when  the  mean  Motion  is  100  Degrees  ;  make  if  ^96%  and  adding 
its  Lo^rithmical  Sine  to  the  Logarithin  of  B^  the  Sum  will  be  equal  to 
the  Logarithm  of  the  Number  5,273,  whence  AN — NP  =  949727* 
There^re,  fecondly,  make  A^=  94*7^9  ^^  adding  its  Sine  to  IJ9g.  B* 
there  will  arife  the  Logarithm  of  5,285,  which  fubtrafted  from  AN 
leaves  AN —  NP  =  94,715  =  Aq  very  nearly.  In  like  Manner,  if 
the  mean  Motion  be  10 1^  make /fi^=:  05,71,  whofe  Logarithmical 
Sine  added' to  the  Logarithm  of  ^,  gives  the  Logarithm  of  the  Number 
5,2756,  which  Number  taken  from  loi,  there  wiUreniain  AN — NP 
=  95,7244)  =  Aq.  And  in  this  Manner  the  mean  Motion  being  given 
by  a  gradual  Procefs  the  Angle  at  the  Center  will  be  had,  by  the  Addi- 
tion only. of  two  Logarithms,  one  of  which  being  conilant  may  be  pre- 
ferved  upon  the  Paper,  that  the  Labour  may  be  fpared  of  writing  it 
(lown  too  often. 

Now  let  us  proceed  to  an  Orbit  of  the  other  Species,  fuch  as  the  Di- 
ftance  of  the  Aphelium  may  be  to  the  Diftance  of  thePerihelium,  as  70 
to  I*  Such  nearly  was  the  Orbit  of  that  Comet,  which  compleats  its 
Period  in  754  Years  y  as  was  firft  found  bv  that  fagacious  Aftronooier 
and  Geometrician  Dr.  Edmund Halky.  In  tills  Orbit  AC  or  C^wili  be 
SS^S  ^^  ^^  3494)  of  fuch  ^^^^^^  as  55  is  one.  And  the  Arch  iSf  is  to 
be  round,  when  the  mean  Motion  is  one  hundredth  Part  of  a  Degree. 
Since  the  middle  Diftance  exceeds  the  leaft  Diftance  about  35  Times,  I 
malpe  jB^s  0935,when  the  mean  Motion  is  OyOi.  la  thi»  Orbit  the  coa^ 
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.  %mt  Logarithm  of  B  k  found  1,74571^3.    Therefore  tlus  Logarithm . 
>  beiiig  adilcd  to  the  Logarithmical  Sine  of  the  Arch  0,35,  gives,  die  Lo-  .    . 

.ganmm  of  the  "Number  0,34013,  which  addled  to  the  Arch  0,01  will 
make  (^35013.  If  this  Sum  had  been  equal  to  0,35,  the  Arch  B^ 
would  have  been.rightly  affumed  5  but  the  Difference  is  o,oooj  3.  Whence 
becaufe  C£  fs  to  SB,  as  35,5  to  i,  let  the  Difference  0,00013  be  mul-  • 
tiplicd  by  35,5,  and  there  will  arife  ^  =  0,004615  ;  whence  it  wijl 
be  Arch  Bf  =  0,3 €4615,  wMch  hardly  differs  from  uic  Truth  by.thrcc 
Parts  of  ten  Thouiand. 

Secondly,  let  the  mean  Motion  be  0,02,  and  fuppofc  B^  to  be  0^7 1- 
To  its  Logarithmick  Sine  adding  the  Lo^irithm  or  B,  the  Sum  wiU  be 
.  thiC  Logarithm  of  the  Number  0,68998  •,  whience  jBJV+  NP  =.  0,76998> 
and  therefore  the  affumed  Arch  B^=  0,71  was  too  much«  and  the 
Difference  is  0,00002.  Which  if  it  be  multiplied  by  35,5,  and  the  Pro- 
duct fubtra£bed  from  B^,  there  will  remain  Ba  =  0,7092,  deviating 
j^om  the  Truth  hardly  the  ten  thoufandth  Part  ot  aDegree.  .    :  ^ 

Let  the  mean  Motion  be  6,03.  Suppole  i3j^to  be  1,06  Degrees,  ad- 
ding its  Logarithmick  Sine  to  the  Logarithm  of  B,  the  Sum  will  be.  the 
Logarithm  of  the  Number  1,03008.  To  which  if  BN^z  0,02  is  addaj, 
the  Sum  will  be  1,06008,  which  Number  is  greater  than  Bsi,\  wha?e- 
fore  if  the  Difference  0,00008  is  multiplied  by  25^5^  and  added  to  B  ^, 
it  will  be  i3;=  i,d6284«  In  like  Manner,  when  the  mean  Motion  is 
0,04,  I  fuppofe  jB^=  1,40  Degrees,  and  find  NPzz.  1,3604-, ,  to 
'  which  Numoer  adding  BN  =  0,04,  the  Sum  b  1,4004,  whidi.  exceeds 
x»4Phy  0,604.  Let  this  Difference  be  multiplied  by  35,5,  and  the 
.  Produft  OjOi42p  will  be  equal  to  ^5  whence  5j  =:  1,41420.  In 
all  thefe  In{tances.  the  Errors  are  very  imall,  and  feldom  go  beyond  the 
thbufandt^  Part  of  a  Decree.  ' 

Now  let  the  Arch  5  j  be  to  be  found,  when  the  mean  Motion  is  equal 
to  one  Degree.  Suppole  -B^=s  20',  and  adding  its  Lo^ithmick.^e 
to  the  Log^ithm  or  jB,  there  will  be  had  the  Log^thm  of  the'Num- 
ber  19,045  i  to  which  adding  J? JSTic  1%  the  Sum  20,045  exceeds  *o 
by  0,045.  And  fince  in  this  Cafe  X,  —  Cofin.  5^is  to  Z,  as  i  to  1 1,5 
.  nearly,  I  multiply  the  Difference  0,045  by  1 1,5,  and  the  Produa'0,^175 
added  to  B^makes  20,5 1 75.  Therefore  I  fuppofe  fecpndly  5^=  26,5 1  r 
and  there  will  arife,  in  the  fame  Manner  as  in  the  foregoing,  NP  ■= 
19,5092  i  to  which  adding  JBiV,  the  Sum  is  20,5692,  which  is  lefs 
tMn  Jb^  Wherefore  if  the  Difference  0,0008  is  multiplied  by  ii,j,. 
and  the  Produft' 0,0092  is  fubtrafted  from  5^  there  will  remain 
jB  J  =  26,5008. 

Laftly,  let  the  mean  Motion  be  coual  to  2*.  I  fuppofe  5^30"^,  and 
there  is  found  NP  ==:  27,84 ;.  to  which  adding  2"",  the  Sum  20,84  ^^ 
lefs  than  30.  And  if  the  Differendc  0,16  is  multiplied  by  6^^  (for  L — 
Cofin.  B  ^is  to  L;  as'  i  to  6,3  nearly)  it  will  be  1,008  =  ^.  There- 
fore this  Arch  fubtrafted  from  5  ^givcs  B.  j  =5  28,08^2.  Now  that  Bf 
may  be  correded,  I  affume  (fecon3iy)  -8^=5  29  Degrees  \  and  by  a 
hkc  Procds  we  Ihall  find  B  f  ==  28>9672.  III.  No 
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n$Bara!lax  -  -fH.  No  PiPoblem  fows  more  difficult  drnthiv'tif  det^m)iiin^^ 
JT  W*V''  ^^^^^^  Q^  *l^^  S"^  ^^^^  ^^  Earrfi  near  to  the  T^tlii  which  yet  msf 
fceSg'  fW  l^^  performM  with  no  great  Laboui:,  by  havmg  certain  accurate  Obfer- 
between  the  vations,  perform*d  at  diofen  and  forefeen  TinieV  :  iThiB  I  ihalf  U^  be* 
l°°k"l.'^  ^^^^  ^^^  Society  in  the  prefent  Differution,  that! 'may  ftjewu  Way 
EHall^,  n'  ^^^  ^  ^^^  '^  ^^'^^  ^^  ^""^  youngcr  Aftronomcr?,'  i^ho  ma^  haVe  aa  Op- 
3^8.  p,  4J4.' portunity  oCobferyin^  this  •,  fo  that  th/ev  ihali  be  able  to  measfbretruiy 
'^'the-immenfe  Diftance  of  the  Sun,  witnin  th«'Hvi'liandi«dtH*Part  of 
that  Diftance*    .        . 

•'.  Kow  it  is  known,  that  by  diflrerent  Authors  of.  Aftronomy  diis  Pi- 
'"ftance  is' varfoufly  fuppofed,  as  it  feenas  probable  by  Cohjedure  to  rrtW 
one,    9ij  Ptolontf  and  his  Followers,  as  alfo  by  pjp^»/^«i  anch^ptM 
Brahe^]t  is  made  a  thoufand  and  two  hundred  Scmidiarticters  iaf'^tjje 
"Earth,* and  by  Kefler  jiearly  three  thoufand.  five  htindrd!.    Riccif^ 
^d6ubles  the  Diftaixce  of  Kepler,  v/hich  Iteueiius  bnYy,  enlarges  '  by' oiie 
flalf.    Bpt  when  die  Planets  Fenus  and  Mercury  ktt^n  in  the  Di&  of 
tJterStin  by  Means  of  a  Telefcope,  apd  fo  ftriptibf  tiieir  borrowed:  Splen- 
dor, it  is  at  laft  found  out,  that  the  vifible  Diameters  of  Ae  Flatlets^*  are 
'  much  lefs  Chan  they  Were  diought  to  be  hitherto ;  and  thir  the  Semi- 
diameter  of  Venus  leen  from  the  Sim  does  not  fubterid  above  a  Quarter 
of  a  Minute.    That  the  Semidiameter  pfMercury,  at  its  mean  Diftaiice 
frbm  the  Sun,  is  feen  only  under  an  Angle  of  v^a  Seconds  j  and  that 
^](he  Senudiameter  oi  Saturn  is  feen  from  die  Sun  under  the  &ne  Ac^le. 
"[Th^t  the  iSemidiaraeter  of  Jupiter ,  the  gneateft  <rf  tljie  Planets,  does  not- 
ftibtend  it  the  Sun  an  Angle  of  above  a  third  Part  df  a  Minute.  Whcnbe 
ibme  of  our  modern  Aftronomy  have  been  of  Opinion,  that  kecfpisg 
to  the  fame  Analogy,  the  Semidiameter  of  the  Eaith  alio,  when  feen 
from  the  Sun,  fubtends  an  Ancle  of  an  intermediate  Magnitude,  or 
greater  than  diat  of  Jupitery  and  lefs  thw  that  of  Saturn  and  Mercuric 
being  equal  to  that  of  Venu^^  or  about  15  Seconds  :  And  therefore  the 
Sun  is  diftant  from  the  Earth  near  14000  Semidiameters  of  the  Ear^ 
But  with  the  fame  Authors  another  Argument  ha^  4  litde  enlarged  diis 
Diibmce.    For  fince  the  Diameter  of  the  Moon  is  fomethii^  greater 
than  a  fourth  Part  of  the  Diameter  of  the  Earth,  if  the  Parallax  of  die 
ISuh  is  fuppofed  to  be  15  Seconds,  the  Body  of  the  Moon  would  become 
greater  than  the  Body  oi  Mercury.    That  is,  a  fecpndary  Planet  wovdkl 
'  be  greater  than  a  primary  one  \  which  would  ieem  contrsury  to  tfa^tCoiH 
cinnity  which  fhould  ^tain  in  the  Syftem  of  the  World.    And  cm  the 
contrary,  the  fame  Concinnity  will  hardly  allow,  that  Venus  an  infeiior 
Planet,  and  deftitute-of  Satellites,  fhould  be  greater  than  our  Earth  sv 
fuperior  Planet,  and  attended  with  fo  remark2d)ie  a  Cbmpanion.    There- 
fore that  we  may  keep  a  Medium,  let  the  Semidiameter  of  the  Earth 
(een  from  the  Sun,  or  which  is  the  fame  Thing,  let  die  horizontal  Pa- 
rallax  of  the  Sun  be  12  Seconds  and  an  Half  1  whence  the  Moon  wilt  be 
lefs  than  Mercury ,  and  the  Earth  j;reater  than  Vprns^  and  the  Diftance  of 
the  6iun  from  tli^  Baith  wilic9PMGu;  16500  SemidiuQCters(f  (tie  Earth 
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TCfjr  ACur.  Now  at  prdenc  I  give  mj  Aflent  to  this  Diftance,  till  it 
may  appear  more  certainly  how  great  it  is,  by  the  Experiment  I  fhall 
now  .firopofe.  Nor  am  I  fwayed  by  the  Authority  of  thofe,^  who  enlarge 
die  Difbmce  of  the  Sun  immenfely  beyond  thefe  Limits,  relying  upon 
the  Obfenrsttioas  of  the  Vibradons  of  a  Pendulum,  which  cannot  be 
tnifted^  (as  I  thmk^  in  determining  fuch  minute  Ai^es.  Surely  to  any 
one  that  trys  to  fina  the  Parallax  this  Wav,  fometimes  it  will  come,  out 
nothing,  iommmesr  negative  y  that  is,  the  Diftance  will  be  infinite  or 
more  than  infinite,  which  is  Murd.  Moreover,  to  diitinguifii  certain-^ 
ly  to  Seconds,  or  even  to  ten  Seconds,  by  Inftruments  never  fo  artifi* 
QsMf  made,  is  hardly  allowed  to  mortal  Man.  And  therefore  it  is  not 
at  all  to  be  wooder'd  at,  if  the  grea£  Subtilty  of  the  Thing  has  hid^erto 
eluded  all  the  many  and  ingenious  Attempts  of  the  greatelt  Aftrifts. 

But  now  aknoft  40  Years  ago^  when  I  was  in  the  Ifland  of  St.  Z&* 
kMy  where  I  was  employed  in  Obfervaticms  c^  the^fixt  Stars  which  fiir- 
nmml  the  South  Polp ;  I  had  an  Opportunity  of  obferving  Msrcuij  p^- 
fing  through  the  Disk  of  the  Sun,  which  I  did  with  the  greateft  Dili- 
gence.   I  obtmaM  moft  accurately,  with  an  excellent  Tube  of  24.  Feet, 
the  Moment  in yfta^Mtrcwy  entrii^the  Sun's  Liinlx  was  feea  tatoucK^ 
it  within  I  and  in  like  Manner,  the  Moment  inriK^h  at  going  out  he . 
toudiM  the  Sim's  Limb,  making;  a^  Angle  erf*  inward  jCpnuft.  Whencp 
I  wa9  fure  of  the  Interval  of  Time,,  in:  whichi the-whok  Body  of  Mtrcurj- 
appeared  at  that  Time  witfaki  the  Dij^  of  thf  San,,  and  that  without,  anj 
Eoor  of  one  Second  of  Time.    For  the  Thread  of  (Ke, Solar.  Ligh^  Jin^' 
tercepted  between  the  obTcure  limb  of  die  Planet  a^  die  brightXipfib: 
of  the  Suoy  flender  as  it  wsis,:  appeared  to  ftrike  this  Eye,  and  m*  ilrikang  ^^  - 
the  Eye,  the  Demide  made,  in:  the  limb  df  the  Sun  by  t}ie  ^ntranc^; 
of  Mertwrj^  vanifh'd;,  as  that  mtade  by  his  going  out  began^a^  It.  were 
in  a  Moment.    When  this  was  knOwn»  \  was immjedjatcly  afiliredjv  thk^ 
die  Sim'^s  Parallax  m^ht  be  truly  deteFmin>'d  fbom  thi^ .Kinfl  of.  pbfer^  ^ 
radons,  if  only  Mercury  being  n<;^rer  the  Earth  fiapUld  h^ve  a^j^eatcr^ 
Paraliix  from  the  Sun.  Fee  this  Difference  of  Parallaxes,  is  To  yoy ,  littl^,^ 
that  it  is  ahrayS:  le&  than  t^  of  the  Sun  whkh  y^t  enquire  after.: 
Whevcfere  Mtrcuiyj  tfao*^  ofcon  to  be  ieenv  wjidua/the  Sun,^  .will  notL-lx; 
thou^  very  proptt  for  du*  Bufioefs^  -  /  ..  .  ^ 

There  remains  diettfor&  the. Tmniitr of  Vmms  t^ipugh^the  Sun^ P\^His 
^9Aak  Pacallai:,  9lft)oft  four  Titn^  ^  big  as  that  of  the  Sun^  .wtll  rnake 
very  feofifcde  Differences  between,  the  Spaces  of  Timc^  in  whi^  J^eiuis% 
^riU  be  feen  tm  ytify  over  die  Sun,  in  th^  diffefient  .Regions  of  ourE^fK^, 
Notw  &ME1  tbeteDfifo^oes^/if  obierved  aftes  a  due  Manner,.  I  fa^  .^^; 
Pandl«  of  the  Sua  n^  be  detcffmin^d  within  a  fmall  Part  of  a.Secoi^q'i 
Nos  are  other  Inftrumentsti!eq|iired  thaaTelefeopesm^^ 
butgfodd  oaitts  an^iin  lAie  Cft)fewationS:  nothing  U  ineq^ired  buft;Fi4o::. 
Ut7  anid  DiUgi3ice>  .trith  a  modern' Sldd^  ^OrAiS^ronQmyr.    For.  tKin^^.]^] 
Qplfeceffity  tfaitt)the  Ladmd^rof  the  Pliu^Qihould  bc^d/^^ 
nmbb  Scivpolofityiior-thac  the  J^ffiOi^im  IS ffifi^  <4^r (bqi M^^ 
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ftiould  be  accurately  detcrmin'd.  It  Vdll  be'fiiffici^tte  haVe  thdCiocks 
well  cdrrcfted  to  the  Revolutions  of  the  Heavens,  and  that  the  Times 
be  reckoned  from  the  total  Ingrcfi  of  Venus  within  the  Sun*s  Disk,  to 
the  Beginning  of  its  Egrcfs  from  the  fame.  That  is^  when  firft  the 
opaque  Globe  of  Venus  begins  to  reach  the  lucid  Limb  of  the  Son  \ 
which  Moments,  as  I  know  by  my  own  Experience,  may  be  observed 
to  a  Second  of  Time.  •:...: 

But  becaufe  the  Laws  of  Motion  are  gi^dy  cohfk)ed,  Venus  can  ht 
feeh  but  very  rarely  within  the  Orb  of  the  Sun  ;  and  for  a  Series  of 
above. 1 20  Years,  it  will  not  be  feen  thvre  once :  That  is,  from  the 
Year  1639,  (when  our  fforrox  enjoyM  this  Spedacte^  who  Was  the  fitk 
and  only  one  from' the  Creation  of  the  World  to  this  Day)  to  the  Year 
176J,  Afoy  z6j  in  the  Morning,  when  the  Planet  VenUs  will  again  pa(s 
under -the  Sun,  accprding  to  thofe  Theories  which  hitheito  we  lite 
found  to  agree  with;  the  Heavens  ;  fo  that  at  Lond^j  at  about  Six  in 
the  Morning,  Ihe  may  be  expefted  to  be  found  in  the  Middle  of  the 
Sun*sDisk,  nor  will  flie  be  above  fotir  Minutes  more  Southerly  than 
the  Ceriter  of  the  Suii. ; '  And  the  Duration  of  this  Tranfit  Will  be  nearly 
cigjtt  Hours,  or  fi-dm  Twb  in  the  Morning  to  almoft  Ten.  Therefore 
the  Ingref^  will  not  be  vifible  in  England.  And  whereas  the  Sun  at  that 
Time  will  be  in  i6.Dqgrees  of  Gemhu^  declkiing  Notheriy  almoft  23 
Degrees ;  it  may  be  feeh  not  to  fet  through  the  whole  Northern  frigid 
Zone:  ;'So  that  they  w?iich  inhabit  the  Sea-lhore  of  JViww)r,  beyond  the 
Cfiy  Nidh^f  whi(:h  they  call  JDronfbem^  as  ^r  as  its  Northern  Pro- 
riiontory,  may  obferve-^^rw  at  its"  eritring  upon  the  Sifn's  'Disk.  And 
peHiaps  that'jngrefs  into]  the  riling  ^n  may  be  ieen  by  the  Northern 
Stots^  and  the  inhabitants  of  the  Idand  of  Shetland.  Now  at  the  Time 
that  Venus  will  be  neareft  to  the  Centef  of  the  Sun,  the  San  will  be 
vertical  above  the  Northern  Shores  of  the  Bay  of  GangeSj  or  rather  of 
the  Kingdom  of  Pegu.  And  therefore  in  the  adjacent  Countries,  as  the 
Sun  at  the  Ingrefs  of  Venus  will  be  dift^nt  almoft  four  Hours  to  the 
Ea(t,  and  at  the  Egrefs  almoft  as  much  to  the  Weft;  the  apparent 
Motion  of  Vensis  within  the  Sun  will  be  accelerated  by  almoft  the  double 
of  the  horizontal  Parallax  of  Venus  from  the  Sun  ;  t^aufe  then  Venus 
moves  retrograde  from  Eaft  to  Weft,  and  at  the  fame  Time  an  Eye  upon  • 
the  Earth's  Surface  has  a  contrary  Rotation  from  Weft  to  Eaft. 

Now  if  the  Sun's  Parallax  be  luppofed  <2  4-  Seconds^  the  ParaUax  of 
Venus  will  b^  43  Seconds.  And  taking  away  the  Sun*s  FbndiaX,  there 
will  remain  at  leaft  Half  a  Minute  for  the  hori^ntal  Parallax  of  Venus' 
fitmi  the  Sun,  and  therefore  the  Motion  of  Venus  will  be  advanced  by 
tliat  Parallax  at  leaft  three  Quarters  6f  a  Mihutfe^  while  it  runs  over 
the.  Sun's  Disk }  in  thofe  Attitudes  of  the  Pole  as  are  near  the  Tropick^ 
aiid  ftijl  more  near  the  Equator.  Now  at  that  Tiitit  Venus  vnll  naBOve 
ft]|Ur  Minutes  an  Hour  within  the  Sun  pretty  exactly,  aad  therrfore  at 
1^  ;e.leven  Minutes  of  Tinie  bdong  to  the  three  Quar6ers>of  a  NCnate» 
bjr^ch  the  DuratioiL  of  this:E^fipfe  oiP  ^iw^  will  ibexoqtnaied  bcs. 
*        *  caulc 
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Gwfe  of  iibe  Parallax.  And  from  this  Cootra^on  alone  we  ought  fafelf 
conclude  about  the  Parallax  we  feek,  if  the  Diameter  of  the  Sun  and  the  La-i 
titude  of  Venus  were  given  exa£tly  ;  yet  to  poftulate  thefe  for  Computation^ 
in  a  Matter  fo  fubtile  as  this  is,  is  hardly  allowable. 

Therefore  another  Obiervation  is  to  be  provided,  if  it  may  be  done  in  thofe 
Places  where  Venus  has  PofTeffion  of  the  Middle  of  the  Sun  at  Midnight,  or 
under  the  Meridian  which  is  oppofite  to  the  former ;  that  is,  at  a  Place  that 
is  about  6  Hours  or  90  Degrees  more  Wefterly  than  London^  and  where  Ve- 
nus enters  the  Sun  a  little  before  its  Setting,  and  comes  out  a  little  after  its 
Rifuig.  This  will  be  in  the  faid  Meridian  under  the  North  Pole's  Altitude 
of  about  56  Degrees  :  That  is,  in  that  called  Hudfoff%  Bay,  at  a  Place  call'd 
Nelfon*^  Harbour.  For  in  Places  near  this,  the  Parallax  of  Venus  will  pro- 
trad  the  Duration  of  theTranfit,  and  will  make  it  at  leaft  fix  Minutes  longer ; 
becaufe  while  the  Sun  feems  under  the  Pole  to  proceed  f/om  Eaft  to  Weft, 
thofe  Places  in  the  Disk  of  the  Earth  will  feem  to  move  with  a  contrary^ 
Motion  towards  the  Weft,  that  is,  by  a  Motion  confpiring  with  the  proper 
Motion  of  Venus.  Therefore  Venus  will  feem  to  move  more  flowly  within 
the  Sun,  and  to  pafs  over  his  Disk  with  more  Delay. 

If  therefore  it  fliould  happen,  that  in  each  Place  this  Tranfit  fhould  be 
obferved  by  proper  Obfervers,  it  is  plain  that  the  Mora  to  be  obferved  in 
Nelfon^s  Harbour  would  be  full  feventeen  Minutes  longer,  than  what  is  to- 
be  expected  at  the  Eq/t-InJies.  Neither  is  it  much  Matter  whether  the  Ob- 
fervation  be  taken  at  Fort  St.  George  commonly  call'd  Maderas^  or  at  Ben^ 
couUn  on  the  Weftem  Shore  of  the  Ifland  of  Sumatra  near  the  Equator,  if 
the  Engli/h  at  that  Time  fhall  be  inclined  to  do  it.  Or  if  the  French  Ihall 
think  fit  to  do  it,  the  Obferver  will  be  conveniently  fituated  at  Poudecbenjy 
on  the  Weftem  Shore  of  the  Sinus  Ga^eiicus^  under  the  Altitude  of  the  Pole 
about  1 2  D<^ees«  To  the  Dutcbj  their  famous  Emporium  of  Baiavtay/wH^ 
fiipply  an  Obfervatory  convenient  enough,  if  they  have  a  Mind  to  advance 
this  Part  of  Aftronomy.  And  indeed  I  could  wilh,  that  Obfervations  of 
this  Phasnomenon  might  be  made  by  feveral^bfervers  in  different  Places,  as 
well  for  the  greater  Confirmation  of  the  fame  by  their  Agreement,  as  for 
Fear  a  fingle  Obferver  might  be  pi^vented  by  the  Ihterpoftioh  of  Clouds, 
and  hinder'd  from  a  Sight  which  I  know  not  whether  ^  Men  of  this  and 
the  following  Generation  will  ever  fee  again  i,  dnd  on  which  depends  the 
certain  and  adequate  Solution  of  a  moft  noble  Problem,  which  is  not  .other-* 
wife  to  be  attained.  Therefore  we  recommend  ^ain  and  again,  to  the  cu- 
rious Enquirers  into  Sydereal  Affairs,  to  whom  thefe  Obfervations  are  refers 
ved,  that  being  mindful  of  this  our  Admonitipn,  they  would  apply  them- 
felves  ftrenuoifOy  and  with  all  their  Power,  to  d^  due  Performing  thb  OIsh 
fervation  ^  wiihuig  them  all  profperous  SuQc^$9  and  that  the  M^nitudes  of 
the  Celeftial  Orbs,  being  then  determin'd  withiii  mofeexa^  Limits^  ma]^ 
reward  them  with  perpetual  Fame  and  Gloffi 

Now  twe  have  affirm'd  above,  that;  by  tthis  Method  the  Parallax  of  die  Smt 
^y  be  difeoyer^d  within  a  five  hundriedth  •  Bart  of  iU  own  Magnitude^, 
irhich,  without  doubfe  t^  ^fflM  w^}  feefniwiMdetfi^f    Butiif  in  both. the 
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Places  here  marked  out,  an  accurate  Obfervation  be  made,  we  have  tf- 
ready  fliew'd,  that  the  Durations  of  thefe  Venereal  Eclipfes  may  diflFer  froHV 
one  another  by  full  17  Minutes,  from  the  Hypothcfis  that  the  Parallax  of 
the  Sun  is  12  Seconds  and  an  half.  Now  if  this  Difference  be  found  by  Ob- 
fervation to  be  either  greater  or  lefs,  the  Parallax  of  the  Sun  will  be  greater 
or  lefs  almoft  in  the  fame  Pr(K>ortion.  And  fince  1 7  Minutes  of  Time 
correfpond  to  12  i-  Seconds  of  the  Solar  Parallax,  for  every  Second  of  Pa- 
rallax will  arife  a  Difference  of  above  80  Seconds  of  Time.  Therefore  if 
this  Difference  is  had  true  and  approved  within  two  Seconds,  it  will  appear 
within  a  fortieth  Part  of  a  Second  how  great  the  Sun's  Parallax  is.  And^ 
therefore  his  Diflance  will  be  determined  within  a  five  hundredth  Part  of  it- 
felf,  at  leaft  of  its  Parallax,  fhall  be  found  not  leis  than  we  have  fuppofed> 
it :  For  40  Times  12  4r  make  500. 

Hitherto  I  have  explained  the  Matter  enough,  or  perhaps  more  than- 
enough,  to  Aftronomers ;  whom  I  would  alfo  inform,  that  in  this  Ail- 
ment I  have  took  no  Account  of  the  Latitude  of  the  Planet,  as  well  to  avoid 
the  Trouble  of  an  intricate  Calculation,  which  would  make  the  Conclufions 
lefs  evident,  as  becaufe  of  the  Motion  of  Venus^s  Nodes  not  yet  found  outi 
Wx  to  be  truly  determined  but  by  fuch  corporal  Conjunftions  of  the  Planet 
-with  the  Sun.     For  it  is  not  concluded  that  Venus  will  pafs  in  four  Minutes 
under  the  Sun's  Center,  but  upon  Suppofition,  that  the  Plain  of  Venus'^ 
Orbit,  immoveable  in  the  Sphere  of  fixt  Stars,  will  have  its  Nodes  in-  the 
fame  Places  where  they  were  found  in  the  Year  1630.    Now  if  in  the  Year 
1761,  it  fhould  pafs  in  a  Path  that  is  more  Southerly,  it  wHl  plainly  appear 
that  the  Nodes  go  backwards  \  but  if  in  a  more  Northerly,  that  they  go 
forwards  among  the  fix'd  Stars  ^  and  that  in  die  Ratjo*  of  51  Minutes  in 
JOG  JuUan  Years,  for  every  Minute,  in  which  the  Path  of  Venus  Ihafl  be 
dUlant  at  that  Time  more  or  lefs  from  the  Sun's  Center,  than  the  faid  four 
Minutes.     But  the  Difference  betweoi  die  Duraticms  of  th^fe  Eclipfes  will 
be  a  little  lefs  than  17  Minutes,  becaufe  of  Venus* ^  South  Latitude  \  but  it 
wiU  be  greater,  as  the  Nodes  go  on,  if  it  pafies  the  Sun  to  the  North  of 
its  Center. 

Now  for  the  Sake  of  thofe  who  delight  in  CdeftJal  Obfervations,  and  yet 
have  not  imbibed  the  whole  Do£hine  of  Parallaxes,  I  fhall  farther  explain  the 
Matter  with  a  Scheme,  and  with  aCakufetibn  that  is  fomething  more  ac- 
curate. 

Let  us  fuf^fe  ther^fote,  that  in  the  Year  1J761,  Miy  2$.  17*;  55^.  at 
Jjmim^  the  Sun  will  be  in  h  15^.  37^.  and  therrfore  at  its  Center  the  Eclip- 
tic will  tend  towards  the  North  in  an  Angle  of  60^.  lo''.  But  at  that  T^me 
ikit,  vifible  Path  of  Vems  within  the  Sun^s  Disk  wiQ  defcehd  towards  the 
Soudi,  making  an  Ai^e  with  the  Ecliptic  of  8^.  28^ ;  therefore  the  Fadi 
of  Vems  will  tend  a  litde  towards  the  South  in  refpeft  to  the  Equator,  ift- 
terfe6Ung  the  Parallels  of  Declination  m  an  Angle  of  i''.  i'8^  Let  us  alfo 
liippofe,  that  at  the  fame  Time  Vems\&  neareft  to  the  CeiiCd-  of  the  Sun, 
and  is  diftant  from  the  fame  towards  the  South  four  Minutes^  and  that'every 
Hour  with  a  rnrpgrade  Motioft  dt  tm  fow  Miiiutcs  within  the  SvP*-    But 

^'^^' "  -    •  - . '  i  -     the 
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cfeSim^s  Semidiairieter  wtU  be  nearly  15^.  si^\  aitd  that  oiVemu  o^  3/^4. 
And  kt  us  fuppofe  for  Experiment  Sake,  that  the  Difference  of  the  hori- 
zontal Parallaxes  of  Venus  atv)  the  Sun,  whkh  we  are  enquiring  for,  to  be 
o'»  31'',  as  is  derived  from  fuppofing  the  Sun's  Parallax  to  be  o<.  12^' -J. 


Therefore .widi  Center  C  let  a  little  Circle  AEBD  be  defcribed,  whofc  Se-  pig.  93; 
midiameter  is  o^  3 1^^  repreienting  the  Disk  of  the  Earth,  and  in  it  the  £1- 
itpfes  of  the  Parallels  of  22  and  s^  Degrees,  North  Latitude,  in  a  Manner 
now  ufed  by  Aftronomers  for  the  Conftrudion  of  Sdar  Eclipfes,  at  Da  b  E^ 
cdt:  And  let  BCA  be  the  Meridian  in  which  the  Sun  is,  to  which  let  the 
right  Line  F/7G,  denoting  the  Pidi  of  Venus^  be  incUMd  in  an  Angle  of 
2?.  \%\  whoTe  Diftance  from  the  Center  C  is  240  fuch  Parts  as  BC  is^  31 1 
and  from  C  let  fall  the  right  Line  CH  perpendicular  to  FG.    And  fuppor 
fing  the  Planet  in  HzK  \f.  55^  or  ^.  s^  "^  die  Morniiw,  let  the  right 
Line  FHG  be  divided  into  the  Honwy  Spaces  IIL IV,  IV.  V,  V.  VI,  Gfr. 
equal  to  CHy  that  is  to  four  Minutes.    Alio  make  the  rig^t  Line  KL  ^ual 
to  the  Difference  of  the  apparent  Semidiameters  of  the  Sun  and  Vekus^  or 
15^.  i3^^T.    And  a  Circle  defcribed  with  Radius  KL^  and  its  Center  any 
Point  within  the  little  Circle  of  the  Earth's  Disk,  will  meet  the  right  Line 
FG  in  a  Point  denoting  the  Hour  which  will  be  reckoned  at  LandM^  whea 
Vemis  with  its  Angle  of  ContaA  (halt  touch  the  Limb  of  the  Sun  within,  in 
that  Place  of  the  Earth's  Surface  which  lies  under  the  Point  aifumed  in  the 
Disk.    But  if  the  Circle  defcribed  with  Center  C  and  Radius  KL  fliould 
meet  FG  in  the  Points  F  and  G,  the  right  Lines  FHj  HG  s  iV*  ^i\ 
triikh  Venus  will  feem  to  pafs  over  in  3  Hours  and  40  Minutes.    Theiiefore 
F  will  fall  in  2"*.  1 5^  at  London  ;  and  G  in  9\  35^,  in  the  Morning.  Wh^o: 
k  appears,  that  if  the  Magnitude  of  the  Earth  ihould  vaniih  as  it  were  into 
a  Point,  bccaufe  of  its  immenfe  Diftancei  or  if  deprived  of  its  diurnal  Mor 
tion,  it  fhould  have  die  Sun  always  vertical  to  the  fame  Point  C,  the  entire 
Mora  of  this  Eclipfe  would  continue  for  7  i  Hours.    But  as  the  Earth  re- 
volves in  the  mean  Time  with  a  Morion  contrary  to  that  of  Venus  througlh 
I  ID  Degrees  of  its  own  Longitude^  and  therefore  the  Duratk>n  of  the  faid 
Mora  Ixing  contrafted,  fuppc^e  12  Minutes,  it  will  come  out  7^.  8^  near- 
ly, or  107  Degrees. 

Now  in  the  Meridian  itfelf  Venus  will  be  next  the  Center  of  the  Sun,  at 
the  Eaftern  Mouth  of  thfe  River  Ganges^  where  the  Altitude  oS  the  Pole  is 
about  22  Degrees.  Therefore  that  Place  will  be  equally  diftant  from  the 
Sun  <m  each  Side,  at  the  Moments  of  Ingrefs  and  Egreis  of  the  Planet,  that 
is  at  53^  7,  as  the  Points  a  and  b  are  in  the  greater  Parallel  DabE.  But 
the  Diameter  AB  will  be  to  the  Diftance  ii^,  as  the  Square  of  the  Radius  is 
to  the  Re£tangle  under  the  Sines  of  5^^  4  and  68^,  that  is,  as  i\  oz"^  to 
o'.  46^'.  1 3^^^  And  when  the  Calculation  is  rightly  performed,  (which  I 
omit  that  I  may  not  be  tedious)  I  find  (hat  the  Circle  defcribed  with  Centers 
and  Radius  KL^  will  meet  the  right  Line  FH  in  the  Point  M^  at  2^.  20^ 
40^^ ;  but  when  defcribed  with  Center  b^  it  will  meet  HG  in  N^  at  o**.  29^ 
22^^ :  That  is,  if  the  Hours  are  reckoned  at  Louden.  Therefore  all  Venms 
will  be  feen  %vithin  the  Sun  Upon  the  Banks  of  the  Ganges^  for  7^.  8^  42^^ 

F  f  z  Therefore 


-Thertfore  i«^  liave  righdy  fuppoied  its  Duiai&on  wifi  be  7^:8^  finoe  hut 
a  Part  of-  a  Minute  is  of  no  Confideratittti.        .  • 

N^w  the  Calculation  being  adapted  to  Nilfiif^  Harbour,  I  find  that  V§^ 
ms  will  enter  the  Sun's  Disk  when  it  is  ready  to  fet ;  and  that  it  wtXL  oome 
,  r.  V*  '  out  of  the  &me  prefently  after  its  Rifin^.  In  the  mean  Tinie  diat  Place  will 
be  transferM  from  c  to  ^through  the  Heoiifphere  oppofite  to  the  Sun^  with 
a  Motion  confpiring  with  the  Motion  of  Venus.  Therefore  the  Moia  of 
Venus  within  the  Sun  will  be  longer  becaufe  of  the  Paiallax,  perhaps  bjr 
focir  Minuted,  that  it  may  be  full  yK  24^  or  iii  Degrees  of  ths  Equator. 
AndTmce  the  Latitude  of  the  Place  is  56  Degrees,  it  will  be  as  the  Square 
of  the  Radius  to  the  Re£bmgle  under  me  Sines  of  55  4.  and  34  Degpiees^ 
fo  in  AR  or  i'.  oi*'  to  ci  or  %%^\  2i*^\  And  whin  the  Calculatioa  b 
lightly  pefformM  it  will  wpear,  that  a  Circle  defcribed  widi  Center  c  and 
Radius  KlU  will  meet  Film  O,  at  2\  iV.  45^^;  but  defcribed  with  Cen- 
ter d^  it  will  mieet  HG  in  P^  at  9^  36^  3^.  Whence  the  Duration  of  s|io 
Mora  9X,  Nelfan*^  Harbour  will  be  7^  23 .  52^^  that  is  greater  than  at  the 
Mouth  of  the  Ganges  by  i/.  lo^^  of  Timci  Now  if  Venus  QaoxjXd  pafi 
without  Latitude,  the  faid  Difference  would  be  i8^  40^^  \  and  if  it  fhould  be 
^Minutes  more  Northerly  than  the  Center  of  the  Sun,  the  fame  Difference 
will  be  incitafed  to  11^.  ^d^ ;  and  it  would  be  much  greater,  if  the  Planets 
Northern  Latitude  fliould  be  greater. 

•^  Now  it  follows  from  the  aforefaid  Suppolitions,  that  at  London  Venus 
will  rife  ^ftxx  it  has  entered  within  th^  Sun ;  and  that  at  9^.  37^  in  the  Morn- 
ing it  will  touch  the  inward  Limb  of  the  Sun  at  its  Egrefs  j  and  laftly,  that 
it-will  not;  leave  its  Otb  entirely  till  9**.  56^ 

*  From  the  feme  Suppofitions  it  follows  alfo,  that  in  the  Year  1769,  Mof 
2^i  at  iifc.  00'.  the  Center  of  Venus  muft  skim  by  the  utmoft  Northern 
Limb  of  the  Sun  ;  fo  that,  becaufe  of  the  Parallax,  it  may  wholly  appear 
not  to  immerge  in  the  Sun,  in  the  Northern  Parts  ofNorwaj^ ;  whilft  upon 
t^  Shores  ef  Peru  and  Ghilf  it  will  be  feen  as  it  were  riding  upon  the  Disk 
.  of  the  fetting  Sun,  with  a  rtrj  fmall  Segment  immerfed  :  As  in  the  Jtf^- 
/(irrr^'Illandsi  and  the  neighbouring  Places,  on  the  Disk  of  the  rifmg  Sun. 
Now  if  the  Nodes  of  Venus  are  found  to  go  backwards,  (as  is  fufpefted  he-: 
caui^  offome  late  ObfervatioHs}  then  being  every  where  confpicuous  with  its 
whole  Body  within  the  OA  of  the  Sun,  by  the  very  great  Difference  of  thefe 
Eclipfes,  lit  will  fupply  a  much  more  convincing  Argument  of  the  Sun*s. 
Pandlax. 

But  how  from  Obfervations  made  fomewhere  in  the  Eafi-Indiesy  An.  i76i» 

of  the  Ingrefs  and  Egrefs  of  Venus^  and  compared  with  Obfervations  or  the 

E^it  made  here,  the  lame  Parallax  may  be  fettled,  by  adaptmg  the  Angles 

of  a  Triangle  given  10  Species  to  the  Circumferences  of  three  equal  Circles^ 

toa!f/,5Mi'-  *^^  ^  {hewn  upon  another  Occafion. 

nima  in  ttt 

SiTal^  ^'  The  Theory  we  now  receive  is  owing  to  Kepler,  that  the  Hea- 
««•«.  *>—  venly  Bodies  furround  the  Sun,  placed  in  the  common  Focus  of  die 
"^l^     Elliptical  Orbits, .  on  t^  ConditioB,  that  by  Unes  dnnm  to  the  Suo,  thej 

defcribe 
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dderibe  Areas  which  2^^  proportional  to  the  Timds  of  Defcriptiop^  But  it 
leqiures  the  moft  fubKmc  Geometry  to  Ihew,  by  what  Caufe  this  js  per* 
form'd,  and  that  it  could  not  be  otherwife.  This  was  referved  to  be  the 
Glory  of  the  famous  Newton. 

Treading  in  his  Steps,  that  excellent  Mathematician  Mr.  A.  de  Moivre^  ^'^  Tu- 
F;  R.  S-  has  delivered  certain  Corollaries  mentioned  before,  which  are  ready  V^j  ^-  ^• 
Theorems  by  which  the  Velocities  or  Moments  both  of  real  and  apparent 
Motion  about  the  Sun  are  determined,  as  alfo  of  the  Approach;  or  Receft 
to  or  from  the  Sun,  in  any  given  Points  of  given  Orbits.  Then  farter  to 
improve  the  Theory  of  the  Planetary  Syftem,  he  h^  enquired  aftpr  the 
^lonficnts  of  the  faid  Moments  by  Means  of  the  fiune  Theorems,  and  fhews 
in  what  Points  of  the  Orbits  are  the  greateft  Changes  of  thefe  Velocities,  and 
this  by  Solutions  that  excel  in  Neatnefs  and  Facility. 

Let  ABP  be  the  Elliptical  Orbit  of  a  Planet,  AP  the  Tranfverfe  Axis,  Kg.  94- 
C£  the  Conjugate  Semiaxis,  S  the  Sun,  ^the  other  Fgcus  of  the  ElUpfis. 
Through  S  djraw  S^  parallel  to  CB ;  and  the  Point  Af  will  be  that  in  which 
theDiftance  from  the  Sun  is  increafed  or  diminifhed  with  the  greateft  Ve- 
locity, 5M=^C  — ^. 
AC 

But  if  SL  is  taken  a  mean  Proportional  between  the  Semiax)es  AC^  CB^ 
the  i?oint  L  will  be  that  in  which  there  will  be  the  greateft  Equation  of  the 
Center,  as  they  call  it,  or  where  the  Angular  Motion  is  equal  to  the  mean 
Modem.  Now  if  the  Eccentricity  does  not  exceed  that  which  moft  of  the 
Planets  obtain,  it  will  be  BL  zz:^  BM  very  nearly.  For  it  is  SL  :± 
%^^JCqq^ACq  SCq. 

If  the  Point  JVbe  required  in  which  is  the  greateft  Change  of  Velocity  of 
the  real  Motion  in  the  Curve,  the  Problem  will  be  foKd,  For  k  is  2  NS 
=  4yfC—  2  JNT^to  3  N^-^AC.zsACq  —  CSq^CBqtoN^.  And 
therefore  if  we  make  AC  ■=,a^BC:=.Cy  and  ^^=^,  we  fhall  have  the  Equa- 
tion^ '  —  2  ay^  J^\c€y  —  4-^^^=o,  which  being  refolved  jr  or  ^^wiH 
be  the  Diftance  of  the  Point  fought  N  from  the  other  Focus  of  the  Ellipfis. 
But  in  Orbits  that  are  but  little  excentric,  fuch  as  thoie  of  the  Planets,  if  it 
be  made  CD  =  5  j,  and  joining  AD  if  AK  be  made  equal  to  it,  the  re- 
maining Part  of  the  Aixis  KP  =  NS  will  be  the  Diftance  of  the  JPoint  N 
from  the  Sun  very  nearly.  But  if  the  Orbit  be  parabolical,  S  N  will  be  to 
SPy  as  5  to  4,  and  the  Angle  JV5P^ill  be  53^.  8^  nearly,  whofe  Sine 
is  4  of  the  Radius. 

But  the  Point  O,  in  which  is  die  greateft  Acceleration  of  the  apparent  qr 
angular  Motion  of  the  defcending  Planet,  or  the  greateft  Retardation  of  the 
afcending,  will  be  had  in  this  Manner.  la  AC  let  there  be  taken  GC=: 
T>fC,  and  let  CSF  be  made  an  Angle  of  30  Degrees,  and  drawing  $P  let 
C£  be  made  equal  to  it,  and  let  GHht  made  equal  to  GE.  I  fay,  th^ 
if  the  Diftance  SO  be  made  equal  to  PH,  that  in  the  Point  O  will  be  the 
greateft  Change  of  the  Angular  Modon  of  the  Planet  moving  in  the  El- 
liptical Orbit  ABOP ;  for  in  that  Place  rf  the  OrKt  the  fecund  Differences 

<>t  the  Equations  of  the  Center  of  die  Planet  wiU  be  found  the  greate^^  But 
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it  is  50  =  ^  yfC  — •"A^Cj  +  4-5^f  Now  if  the  Orbit  is  Pteh 
bolical,  as  in  the  Comets,  it  will  be  5  0.  5P  ::  8 .  7,  and  the  Angle 
OSP  will  be  41^.  2V  4»  or  whofe  Sine  is  to  Radius  as  •  7  to  4* 

Laftly^  The  Diredtion  of  the  Tangent  of  the  Orbit  will  be  changed  wiA 
the  leaft  Velocity  in  if ,  if  5  i?  be  made  equal  to  two  third  Parts  of  the 
greater  Axis  A  B.  But  if  the  Eccentricitv  5  C  is  lefs  than  4  P  Q  this 
Minimum  does  not  take  Place,  but  this  Velocity  with  which  the  Tangent 
revolves  is  always  decreasing,  as  far  as  the  Aphelium  itfdf,  as  it  is  in 
the  Motions  of  all  the  Planets.  But  it  does  not  obtain  in  a  Parabolicd 
Orbit,  becaufe  of  its  Axis  continued  in  infinitum. 

AU  thefe  Things  2xt  demonftrated  from  the  foregoing  Theorems  of  Mr. 
Jtt^.  Dmoivre^  according  to  the  Preempts  of  the  Doftrine  de  Maicims  H 
Minimis. 

^  .«^     V.  Though  many  Varieties  and  Changes  happen  in  the  Heavens,  among 

g^'*     the  fixt  Stars,  as  to  their  apparent  Magnitude,  yet  among  all  the  mutabte 

Neck,  ly  Appearances  of  the  fixt  Stars  none  is  more  wonderful,  than  that  whidi 

Mr.  G.    Fabricius  firft  obferved  Am.  1596,  in  the  Whalers  Neck.     For  though  at 

*"''*»  °  6  ^^  *^  ^^  accounted  as  fuch  a  new  Star  as  had  no  Exiftence  before,   and 

^^//"  *f^W  ^^  1^^  difappeaJr'd  that  it  would  return  no  more ;  yet  now  Eacperi- 

Btr§i*     KiiCt  has  fufiiciendy  proved  that  it  conftantly  exifts,  and  that  without  aQ 

1>.  208.     doubt  it  has  always  exifted  from  the  Beginning  of  the  Woiid  in  that  Place, 

which  it  ftill  pofleflesr.     This  only  is  wonderful  in  it,  that  it  (hews  idHf 

yeariy  of  a  dUFerent  Magnitude,  and  generally  at  certain  Times  it  is  not 

at  all  to  be  feen  by  the  naked  Eye-    For  this  Reafon  it  is  call'd  by  He- 

velius  die  wonderful  Star. 

Like  to  this  I  have  alfo  found  another  in  the  Swan*s  Neck,  but  much 
lefs,  and  which  may  be  feen  yearly  for  a  ftiorter  Space  of  Time.  Therefore 
it  is  no  wonder  that  it  has  fo  long  continued  unknown.  Nay,  it  is  to 
be  confider'd  as  a  fmgular  Felicity,  that  it  was  vifible  at  that  very  Time, 
and  appeared  in  its  greatefl:  Magnitude,  when  Bayer  contemplated  and  de- 
F(f  •  95.  lineated  the  Stars  in  the  Swan^  where  he  denoted  it  by  the  Charad^er  ^, 
and  reckoned  it  among  the  Stars  of  the  fifth  Magnitude  which  conftantly 
appear.  As  alfo  the  above-mention'd  Star  in  tiit  Whale* s  Neck^  when  ht 
iConfiderM  and  delineated  this  Conftellation,  he  found  it  of  the  fourth  Mag- 
nitude, and  mark*d  it  with  the  L^t»  0^  and  look'd  upon  it  as  a  Star  that 
always  appears. 

To  find  out  the  mutable  Appearance  of  the  Star  X  ^^  ^^  Swanks  Neckj 
Occafion  was  given  by  a  neighbouring  Star  in  the  Swanks  Heady  which 
Hevelius  obferv'd  ./ffi».  16709  and  1671.  For  when  I  had  entertained  ibme 
Hope,  that  the  fame  Star  would  often  appear  again,  not  otherwife  than  the. 
Star  in  the  Whalers  Neckj  which  after  its  firft  Difappearance  would  food. 
appear  again,  as  was  evident  to  Hevelius  -,  I  fought  tor  it  on  the  xft  and 
6th  of  July  (or  i  z^  and  16^)  in  the  Year  1&S6  in  clear  Nights,  but  could 
iiot  find  it.  I  rather  took  Notice,  that  that  Star  of  the  mth  Magnitude, 
in  the  Neck  of  the  Swan  was  wwting»  which  ^^«r  marks  with  the  Gredi 

jLcttcr 
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Lfttcrj^.  But  -on  the  ^th{l^)Ti^J  ofOlfoter^  I  found  it  very  prainly 
wftlimy  naked  Eye.  And  becaufe  I  was  eafily  perfuadcd  to  think,  that  it 
might  again  difappear  to  my  naked  Eye,  I  delineated  fome  Stars  that 
ftood  round  it,  by  the  Help  of  a  two  Foot  Telcfcope  of  large  Capacity, 
that  by  a  Compatifon  of  thefe  with  it  I  might  examine  its  Magnitude 
when  it  decreafed,  as  is  reprefented  in  the  Figure  A 

I  alfo  found,  that  that  Star  decreafed  by  little  and  little,  till  I  could 
no  longer  perceive  it  with  a  Tube  of  eight  Feet ;  whereas  I  could  always 
diftinguifh  anotheV  in  the  fVbaWs  Neek^  through  a  Tube  of  four  Feet, 
when  it  could  no  longer  be  perceived  with  the  naked  Eye.  Fig.  96. 

From  that  Time  I  fought  in  vain  fw  that  Star  feveral  Nights  together, 
yet  at  laft  I  found  it  again,  Juguft  6,  (16)  1687,  by  Help  of  an  eight  Foot 
Tube,  though  it  was  very  fmalL.  From  thence  I  obferved  it  to  increafe 
daily ;  and  it  happened  that  Osff.  2  jr  {Nov.  2,)  it  firft  prefented  itfelf  to  my 
naked  Eye,  though  ftill  very  fmall.  On  the  liDay  oi  November j  (12^) 
it  was  very  confpicuous,  and  even  after  No^.  26,  {Dec.  6,)  though  on  this 
laft  Day  it  was  again  in  a  State  of  Decreafe.  Afterwards  it  could  not  be 
diftinguifli'd  but  by  the  Tubes,  and  foon  became  to  fmall,  that  I  could 
not  find  it  again  with  the  eight  Foot  Tube.  And  thus  it  was  obferved, 
that  from  one  Difappearance  to  another,  there  pafs*d  about  one  Year,  one 
Month,  and  one  Week.  Alfo  the  following  Obfervations  have  informed 
me,  that  this  Star  kept  a  pretty  conftant  Time  in  its  Appearance,  yet  at 
every  Period  rt  did  not  arrive  at  an^  eqinl  Magnitude.  Nay  it  hap- 
pened fomerlmes,  tharit  continued  altogether  invifible  to  the  naked  Eye, 
wbilft  through  the  Tube  it  was  confpicuous,  and  incrcafed  to  its  gre^teft 
Magnitude.  As  at  the  End  of  the  Year  1688,  and  the  Beginning  of  1689. 
On  the  contrary,  in  the  Year  1690,  this  Star  could  be  feen  better,  and  was 
notably  greater  than  its  Neighbour,  which  B^er  has  placed  nestr  ^^  without 
the  Sfooan*s  Neck^  but  has  mark'd  it  with  no  Letter  •,  but  only  for  the  Help 
of  my  Memory  I  have  mark'd  it  with  the  Hebrew  Letter  J.  And  after  I 
had  often  obferved  the  Appearance  of  this  Star,  I  found  it  to  be  very  re- 
gular, and  to  obferve  tiie  Revolution  of  404^  Days. 

N.  B.  H^ereas  the  Berlin  Mfcellanies  tome  late  to  our  Hands^  we  did  not 
tijerve  this  new  Star^  which  Mr.  Kirch  has  informed  us  ofy  before  the  Year 
1^  fafiy  and  that  near  the  Ides  of  July,  /.  vet.  when  it  appeared  much 
brighter  than  the  neighbouring  Star  .S,  and  aimqft  equal  to  the  ntiddk  Star  in 
the  Swan's  Neck,  marled  by  Bayer  n.  But  becoming  inconjpicuous  to  the  naked 
Efty  at  lafi  it  vaniftfd  alfo  in  the  Telefcope.  Accordit^  to  the  Period  in 
which  it  isfaid  to  revolve^  it  muft  have  arrived  at  its  greateft  Brightnefs  at 
kaft  in  the  Month  ^  Auguft  of  the  current  Tear  171 5. 

Now  that  it  may  be  found  more  eafily  in  the  tJea^en^  we  have  added  tworFig.  95^ 
Schemes^  one  of  which  fbews  the  Swan's  Neck,  with  the  Stars  adfoining  to  this  9&* 
new  one^  and  with  two  other  new  ones  that  have  appeared  near  it  within  this 
^  4f^  •»  of  which  thai  before  the  Swan's  Breaft  is  ftiU'  to  be  feen  as  it  were 
^  the  fifth  Magnitude.     But  that  which  is  under  the  Head  was  feen  only  for 
tW9  Tears^  una  nm  Ufappem.    Tb§  \tber  Biuret  nobi^h  is  Afr^  Kireh^* 
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A^  Jbews  tb$  Tekfcupiek  Stars  which  an  near  the  new  oni^  that  it  may  h 
known  in  what  Place  exa^ly  it  may  be  looVdfor^  and  where  the  diUgent  Obfer- 
vers  of  the  Heavens^  affifteaby  their  Tubes^  may  expeSt  itsfirft  Ray  at  its  Return, 

A  Hiftory       IV'  Although  it  be  faid  that  Hipparchus^  on  Occafi(m  of  a  new  Star  that 
oftbexxv/  appeared  in  his  Time,  was  induced  to  number  the  Stars,  and  make  the  firft 
^b^/ (^^  Catalogue  of  them,  which  was,   in  the  Opinion  of  Pliny,  a  rajh  ^bing  to  k 
^YeJ^^t^  attempted  even  by  a  God  j  yet  neither  he  nor  any  of  the  Ancients  have  left  us 
....  n*3f6,  the  Place  of  that  new  Star,   to  compare  with  thofe  lately  feen,  one  of  which 
V'iS^      might  perhaps  be  the  fame  with  it,  re-appearing  after  a  long  Period  of  Years. 
Now  though  feveral  Authors  have  feverally  defcribed  thofe  that  have  been 
feen  nearer  to  our  Times,  it  may  not  be  amift  to  give  a  fhort  Recapitula- 
tion of  what  was  principally  remarkable  in  each  of  them,  with  the  Times  of 
their  firft  Appearance,  as  far  as  can  be  colle6ted. 

And  firft.  That  in  the  Chair  of  Cqffiopeia  was  not  feen  by  Cornelius  Gemma 
on  the  8th  of  of  Novefnber  1572,  who  fays,  he  that  Night  confidered  that 
Part  of  Heaven  in  a  very  ferene  Sky,  and  faw  it  not ;  but  that  the  next 
Night,  November  o%  it  appeared  with  a  Splendour  exceeding  all  the  fixt 
Stars,  and  fcarce  lefs  br^ht  than  Fenus.  This  was  not  feen  by  Tycho  Brake 
before  the  nth  of  the  fame  Month,  but  from  thence  he  aflures  us,  that 
it  gradually  decreafed  and  died  away,  fo  as  in  March  1574,  after  fixteen 
Months,  to  be  no  longer  vifible  ;  and  at  this  Day  not  the  leaft  Signs  of  it 
remain.  The  Place  thereof,  in  the  Sphere  of  fixt  Stars,  by  the  accurate 
Obfervations  of  the  fame  7ychoj  was  o".  9^  17^  £?  i"'  *  r",  with  53^ 
45^.  North  Latitude. 

Such  another  Star  was  feen  and  obferved  by  the  Scholars  of  Kepler,  to 
begin  to  appear  on  Sept.  30°.^.  vet.  anno  1640,  which  was  not  to  be  feen  the 
Day  before ;  but  it  broke  out  at  once  with  a  Luftre  greater  than  that  of  ^- 
piter ;  and  like  the  former  it  died  away  gradually,  and  in  much  about  the 
fame  Time  difappear'd  totally,  there  remaining  no  Footfteps  thereof  in  Ja- 
nuary 1607.  This  was  near  the  Ecliptick,  following  the  Right  Leg  of  &r- 
pentarius  ;  and  by  the  Obfervations  oi  Kepler  and  others,  was  in  7*.  20°.  00' 
a  !"•  ♦.  r,  with  North  Latitude  1°.  ^6^  Thefc  two  feem  to  be  of  a  diftind 
Species  from  the  reft,  and  nothing  like  them  has  appear'd  fince. 

In  the  Year  1 596,  we  have  the  firft  Account  ot  the  wonderful  Star  in  CoUo 
Ceti,  feen  by  Da^id  Fabricius  on  the  3d  of  Auguft^  ft.  vet.  as  bright  as  a  Star 
of  the  third  Magnitude,  which  has  been  fince  found  to  appear  and  difappear 
periodically  ;  its  Period  being  precifely  enough  7  Revolutions  in  fix  Years^ 
though  it  return  not  always  with  the  fame  Luftre.  Nor  is  it  ever  entirely 
extinguifhed,  but  may  at  all  Times  be  feen  with  a  Six-foot  Tube.  This  was 
fingular  in  its  Kind,  till  that  in  C^/A?  Cygni  was  difcovered.  It  precedes  the 
firft  Star  oi  Aries  i^.  40^  with  15®.  5^  South  Latitude. 

Another  new  Star  was  firft  obferved  oy  IVill.  JUnfonius  in  1600,  in  PeUfurt 
or  rather  in  eduSione  Colli  Cygni,  which  exceeded  not  die  third  Magnitude^ 
This  Star  having  continued  fome  Years,  became  at  length  fo  fmall,  as  to  be 
thought  by  fome  to  difappear  eiu;utly  1  but  10  the  Years  16^2^  58,  and  59, 

it 
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it  ;igsun  arofe  to  the  third  Magnitude,  though  focm  after  it  decayed  by  De- 
grees to  the  fifth  or  fixth  Magnitude,  and  at  this  Day  is  to  be  feen  as  fuch 
in9\  i8^.  38^  a  i"*  ♦.  r,  with  55^.  29^  North  Latitude, 

A  fifth  new  Star  was  firft  obfervcd  by  HeveUus  in  1670,  on  July  15,/.  vet. 
as  a  Star  of  the  third  Magnitude,  but  by  the  Beginning  of  OSober  was  fcarce 
to  be  perceived  by  the  naked  Eye.  In  April  following  it  was  again  as  bright 
as  before,  or  rather  greater  than  of  the  third  Magnitude,  yet  wholly  dif- 
appeared  about  the  Middle  of  Auguft.  The  next  Year,  in  March  1672,  it 
was  feen  again,  not  exceeding  the  fixth  Magnitude ;  fince  when  it  has 
been  no  farther  vifible,  though  we  have  frequently  fought  for  its  Return ; 
its  Place  is  9*.  ^^.  i/.  a  i"»*   ♦.  <r.  and  has  Lat.  Norrfi  47^  28^ 

The  fixth  and  laft  is  that  we  defcribed  before  from  the  ASa  Berolinenfta^  A  Return 
difcovcrcd  by  Mr.  G.  Kirch  in  the  Year  1686,  and  its  Period  determined  to  ^^^^  pew 
be  of  4044  Days  •,  and  though  it  rarely  exceed  the  fifth  Magnitude,  yet  is  q^^'* 
it  very  regular  in  its  Returns,  as  we  have  found  in  the  Year  1714.    Since  Cygni. 
then  we  have  endeavoured,  as  the  Abfence  of  the  Moon  and  tne  Cleamefs  ^. . . 
trf  Weather  would  permit,  to  catch  the  fiirft  Beginning  of  its  Appearance  j  *  y"^'** 
in  a  fix-foot  Tube,  that  b^ing  a  very  great  Aperture  dilcovers  moft  mi- 
AUte  Stars.     And  on  June  15.  laft,  it  was  firft  perceived  like  one  of  the 
I    very  leaft  Telefcopical  Stars ;  but  in  the  reft  of  that  Month  and  Jufy  it  gra- 
i    dually  increafed,  fo  as  to  become  in  Auguft  vifible  to  the  naked  Eye  ;  and 
I    ib  it  continued  all  the  Month  of  September.     After  that  it  again  died  away 
I    gradually,  and  on  the  %ih  of  December  at  Night  was  fcarce  difcernible  by 
^    the  Tube,  and  as  near  as  could  be  guefied,  equal  to  what  it  was  at  its  firft 
i    Appearance  on  June  the  i  c^th ;  fo  that  diis  Year  it  has  been  feen  in  all  near 
'    fix  Months,  which  is  but  little  lefs  than  half  its  Period  \  and  the  Middle, 
'    and  confequently  the  greateft  Brightnefs,  falls  about  the  io/i&  oi  September. 
Thofe  that  pleafe  to  feek  for  it,  may  expeft  its  firft  Appearance  in  July 
next,  and  find  it  in  9".  6**.  30^  circiter  ^  i*"*  *.  t,  with  Lat.  Eor.  52^.  40^ 

VII.  Wonderful  are  certain  luminous  Spots  or  Patches,  which  difcover  LuddSpots 
thcmfelves  only  by  the  Telcfcope,  and  appear  to  the  naked  Eye  like  fmall  ^^Nebub?, 
fixt  Stars  ;  but  in  Reality  are  nothing  elfe  but  the  Light  coming  from  anf*J"|^^^' 

I    extraordinary  great  Space  in  the  ^ther  5  through  which  a  li^cid  Medium  f^,      ^^\ 
is  difRifed,  that  ftiines  with  its  own  proper  Luftre.    This  feems  fully  to  347.  p. 
reconcile  *that  Difficulty  which  fome  have  raifed  againft  the  Defcription  39o- 
Mofes  gives  of  the  Creation,  alledging  that  Light  could  not  be  created 
without  the  Sun.     But  in  the  following  Inftances  the  contrary  is  manifeft  ; 
for  fome  of  thefe  bright  Spots  difcover  no  Sign  of  a  Star  in  the  Middle  of 
them ;  and  the  irregular  Form  of  thofe  that  have,  ihews  them  not  to  pro- 
ceed from  the  Illumination  of  a  central  Body.     Thefe  are  fix  in  Number, 

I    all  which  we  will  defcribe  in  the  Order  of  Time,  as  they  were  difcovered, 

:    giving  alfo  their  Places  in  the  Sphere  of  fixt  Stars. 

I       The  firft  and  moft  cofffiderable  is  that  in  the  Middle  of  Orion's  Sword, 

\   marked  with  A  by  Bayer  in  his  Urammetria^  as  a  fingle  Star  of  the  third 

I   Magnitude  %  and  is  io  accounted  by  Ptolemy y  Tycbo  Brabe  and  HeveUus  ; 

I  but  is  in  Reality  two  very  contiguous  Stars  environed  with  a  very  large 
Vou  IV.  G  g  transparent 
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tranfparent  bright  Spot,  through  which  they  appear  with  fcveral  c^faers. 
Thefe  are  cnrioufly  defcribed  by  Hugenius  in  his  Syftema  Satumium^  pag.  8. 
who  there  calls  this  Brightnefs,  a  monftrous  Thing,  the  like  of  which  he  could 
no  where  obferve  among  the  other  fixt  Stars  -,  affirming  that  he  found  it 
accidentally  in  the  Year  1656.  The  Middle  oiF  this  is  at  prefcnt  in  n  i^^, 
GO'',  with  South  Lat.  28  <^  \. 

About  the  Year  1661,  another  of  this  Sort  was  difcoverod  (if  I  miftake 
not)  by  BulUaldus^  in  Andromeda's,  Girdle,  This  is  neither  in  "Tycbo  nor 
£^j^, 'havmg  been  omitted,  as  are  many  others,  bccaufe  of  its  Smallnefs  : 
But  it  is  inferted  into  the  Catalogue  of  HeveliuSy  who  has  improperly  called 
it  Nebulofa  inftead  of  Nebula  ;  it  has  no  Sign  of  a  Star  in  it,  but  appeals 
like  a  pale  Cloud,  and  fecms  to  fend  forth  a  radiant  Beam  into  the  North 
E^,  as  that  in  Orion  does  into  the  South  Eaft.  It  proceeds  in  Right  Af- 
cenfioa  the  Northern  in  the  Girdle,  or  ¥  Bayero^  about  a  Degree  and  thite 
Quarters,  and  has  Longitude  at  this  Time  «r.  24^.  00^  with  Lau  North  ^j'*^^. 

The  third  is  near  die  Ecliptick  between  the  Head  and  Bow  of  Si^ittary, 
not  far  from  the  Point  of  the  Winter  Solftice.  This  was  found  in  the  Year 
1665,  by  a  German  Gentleman  M.  J.  Abraham  Ihle^  while  he  attended  the 
Motion  of  Saturn  then  near  his  Apbetion.  This  is  fmall  but  very  luminous, 
and  emits  a  Ray  like  the  former.  Its  Place  at  this  Time  is  kf  4^4  widi 
about  half  a  Degree  South  Lat. 

A  fourth  was  difcover'd  by  M.  Edmund  Halley  in  the  Year  1677,  when* 
he  was  making  the  Catalogue  of  the  Southern  Stars.  It  is  in  the  Centaur^ 
that  which  Ptolemy  calls  the  Star  in  the  Excrefcence  on  the  Back,  which  he 
names  the  Cloud  on  the  Horfe's  Back,  and  is  Bayer^s  » •,  It  is  in  Appear- 
ance between  the  fourth  and  fifth  Magnitude,  and  emits  but  a  fmall  Light 
for  its  Breadth,  and  is  without  a  radiant  Beam  ;  this  never  rifes  in  Engl^dy 
but  at  this  Time  its  Place  is  wi  5"^  with  35^4  South  Latitude. 

A  fifth  wasdlfcovered  by  Mr.  G.  Kirch  in  1681,  preceding  the  Right 
Foot o{  AntinoHs:  It  is  of  itfelf  but  a  fmall  obfcure  Spot,  but  has  a  Star 
that  fhines  thfOugh  iu  which  makes  it  more  bright.  The  Longitude  of  this 
is  at  prefent  yf,  9''.  eirciter^  with  1 7°4--    North  Latitude. 

The  fixth  and  lafl:  was  accidentally  hit  upon  by  M.  Edmund  Halley  in  the 
Conftellation  of  Hercules^  in  the  Year  17 14.  It  is  nearly  in  a  Right  Line 
with  f  and  »  of  Bayer^  fomewhat  nearer  to  f  than  n  :  and  by  comparing  its 
Situation  among  the  Stars,  its  Place  is  fufficiently  near  in  n  26°4--  with  57^. 
00.  North  Lat.  This  is  but  a  little  Patch,  but  it  (hews  itfelf  to  the  naked 
Eye,  when  the  Sky  is  clear,  and  the  Moon  abfent. 

There  are  undoubtedly  more  of  thefe,  which  have  not  yet  come  to  our 
Knowledge,  and  fome  perhaps  bigger,  but  though  all  thefe  Spots^  are  ia 
Appearance  but  fmall,  and  moft  of  them  but  of  few  Minutes  in  Diameter  j. 
yet  fince  they  are.among  the  fixt  Stars,  that  is,  fince  they  have  no  annual 
Parallax,  they  cannot  fail  to  occupy  Spaces  immeniely  great,  and  perhaps 
not  lefs  than  our  whole  Solar  Syftera.  In  all  thefe  fa  vaft  Spaces  it  fhoiud 
feem,  that  there  is  a  perpetual  uninterrupted  Day,  which  may  furnifli 
Matter  of  Speculation)  as  well  to  the  curious  Naturaliit  as  to  the  Afirgnomer. 

:     "  vuL 
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Vni.  I  have  compared  the  Declinations  of  the  fixt  Stars  delivered  by  Changey 
Piolenrj^j  in  the  3*  Chapter  of  the  y'^  Book  of  his  yilmag,  as  obferved  by  [^^^  ^^^^• 
fimocbaris  and  Arifiylhs  near  300  Years  before  Cbriji^  and  by  Hiffarcbusfifj^^oJf^g 
about  170  Years  srfter  them,  that  is  about  130  Years  before  Chrift^  withiixt  Stars, 
what  we  now  find,  and  by  the  Refult  of  many  Calculations,  I  concluded  h  ^'•-  £• 
that  the  fixt  Stars  in  1800  Years  were  advanced  fomewhat  more  than  25  ^^i'^^/ 
Degrees  in  Longitude,  or  that  the  Preccffion  is  fomewhat  more  than  50^''  pi  7^ V. 
per  annum.  But  that  with  fo  much  Uncertainty,  becaufe  of  the  imperfed): 
Obfervarions  of  the  Ancients,  that  I  have  chofen  in  my  Tables  to  adhere 
to  the  even  Proportion  of  five  Minutes  in  fix  Years,  which  from  other 
Principles  we  are  aiTured  is  very  near  the  Truth.  But  while  I  was  upon  this 
Enquiry,  I  was  furprized  to  find  the  Latitudes  of  three  of  the  principal 
Stars  in  the  Heaven  diredly  to  contradi<5i:  the  fuppofed  greater  Oiliquify  of 
the  Ecliptic ky  which  feems  confirmed  by  the  Latitudes  of  moft  of  the  reft  ; 
they  being  iet  down  in  the  old  Catak^ue,  as  if  the  Plane  of  the  Earth's 
Orb  had  changed  its  Situation,  among  the  fixt  Stars,  about  20""  fmce  the 
Tiine  erf"  Hipparchus.  Particularly  all  the  Stars  in  Gemini  are  put  down, 
thoie  to  the  Nortkt»ard' of  the  Ecliptick  with  fo  much  lefs  Latitude  than 
we  find,  and  thofe  to  the  Sauikward  with  fo  much  more  Southerly  Latitude. 
And  yet  the  three  Stars  Palilicium  or  the  BuW^  Eye,  Sirius  and  ArSurus  do 
contradift  this  Rule ;  for  by  it,  Palilicium^  being  in  the  Days  of  Htppar- 
cbus  in  about  lo gr.  of  Taurus^  ought  to  be  about  15  Min.  more  Soutberly 
than  atprefent;  and  Sirius  being  then  in  about  15  of  G^wfff/ ought  to  be 
-20  Min.  more  Southerly  than  now  ;  jtt  Ptolemy  places  the  firft  20  Min.  and 
the  other  22  more  Northerly  in  Latitude  than  we  now  find  them.  Nor  are 
thefc  the  Erors  of  Tranfcribers,  but  are  proved  to  be  right  by  the  Decli- 
nations of  them  fet  down  by  Ptolemy,  as  obferved  hj  Timocharis,  Hippar- 
chus and  himfelf,  which  fhew  that  thofe  Latitudes  are  the  fame  a$  thoie 
Authors  intended.  As  to  ArSurus,  he  is  too  near  the  Equinodial  Colure, 
to  argue  from  him  concerning  the  Change  of  the  Obliqinty  of  the  EU:liptick, 
but  PtoUmy  gives  him  .33^  more  North  Latitude  than  he  now  is  found  to 
have ;  and  that  greater  Latitude  is  likewife  confirmed  by  the  Declinations 
delivered  by  the  abovcfaid  Obfervers.  So  then  thcfe  three  Stars  2xt  found 
to  be  above  half  a  Degree  more  Southerly  at  this  Time,  than  the  Ancients 
reckoned  them.  When  on  the  contrary  at  the  fame  Time  the  bright  Shoul- 
der of  Orion  has  in  Ptolemy  almoft  a  Degree  more  Southerly  Latitude  than 
at  prefent.  What  fhall  we  fay  then  ?  It  is  fcarce  to  be  beheved,  that  the 
Ancientt  could  be  deceived  in  fo  plain  a  Matter,  three  Obfervers  confirming 
each  other.  Again,  thefe  Stars  being  the  molt  confpicuous  in  Heaven,  are 
in  all  Probability  the  neareft  to  the  Earth ;  and  if  they  have  any  particular 
Motion  of  their  own,  it  is  moft  likely  to  be  perceived  in  them,  which  in 
io  long  a  Time  as  3  800  Years  may  fhew  itfeif  by  the  Alteration  of  their 
Places,  though  it  be  intirely  imperceptible  in  the  Space  of  one  fingle  Cen- 
tury of  Years.  Yet  as  to  Sirius  it  may  be  obferved,  that  Tycho  Brahe  makes 
him  2  Min.  more  Northerly  than  we  now  find  him,  whereas  he  ought  to  be 
above  as  much  more  Southerly  from  his  Ecliptick,  (whofc  Obliquity  he 
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makes  i\  greater  than  we  cfteem  it  at  prefcnt)  differing  in  die  whok  4^ 
Min.  One  half  of  this  Difference  may  perhaps  be  cxcufed,  if  Refraffion 
were  not  allowed  in  this  Cafe  by  ^ycho  \  yet  two  Minutes,  in  fuch  a  Star 
as  SiriuSj  is  fomewhat  too  much  for  him  to  be  miftaken. 

But  a  more  evident  Proof  of  this  Change  is  drawn  from  the  Obienration 
of  the  Application  of  the  Moon  to  PaliUcium^  Armo  Cbrifii  509.  Mart.  11®. 
when  in  the  Beginning  of  the  Night  the  Moon  was  feen  to  follow  that  Star 
very  near,  and  feemed  to  have  eclipfed  it,  Sr^^aAA^  y^f  0  aV j>p  r^  Txp^L 

i.  ^.the  Star  was  applyM  to  that  Part,  by  which  the  illuminated  Limb  of  the 
Moon  Was  bifefted.  Now,  from  the  undoubted  Principles  of  Aftronomy, 
this  could  never  be  true  at  Atbensy  near  it,  unlcfs  the  Latitude  of  PaliUcium 
vfttt  much  lefs  than  we  at  this  Time  find  it.  Vide  BuIlialM  Aftr.  Pbi- 
lolaica^  pag.  172. 

This  Argument  feems  not  unworthy  of  the  Royal  Society^s  Confideradon, 
to  whom  I  offer  the  plain  Faft  as  I  find  it,  and  would  be  glad  to  have  their 
Opinion. 

But  whether  it  were  really  true,  that  the  Obliquity  of  the  Edipttck  was, 
in  the  Time  of  Hipparcbus  and  Ptolenrf^  really  22  Min.  greater  than  now, 
may  well  be  queftioned  •,  fince  Pappus  AlexandrinuSj  who  lived  but  about 
200  Years  after  Ptolenrf^  makes  it  the  very  fame  that  we  do.  VidePappi 
Colka.  Lib.  VI.  Prop.  35. 

JJ^*^^^  IX.  On  the  %tb  of  April  1702,  walking  in  London  Streets  about  Ten  in 
Oscular  ^hc  Morning,  the  Air  being  clear,  I  obferved  the  Sun  to  Ihme  faindy,  or 
Jrcbis,  as  we  call  it  waterifh ;  whereupon  calling  up  my  Eye,  I  perceived  feveraf 
^TiP]^^'  Arches  of  Circles  about  him.  I  made  what  Hafte  I  could  to  get  on  the 
n.^.  *  '^^P  ^^  ^  Houfe,  which  I  did  at  Mr.  Mordens  by  the  Royal-Excbange^  and 
1127.  found  the  Appearance  as  is  defcribed  Figure  97,  wherein 
97.  '     S  is  the  true  Sun,  Z  the  Zenith. 

STP  P  z  great  wide  Circle  paffing  through  the  Sun,  and  as  well  as  I 
could  judge,  parallel  to  the  Horizon.  '  It  was  very  diftinft  and  entire,  about 
two  Degrees  broad  in  the  Nortbem  Part  about?*  -,  and  held  much  the  fame 
Breadth  in  the  Eaji  and  fFefty  but  grew  narrower  towards  the  Sun ;  its 
Edges  were  not  very  well  defined,  the  whole  appearing  like  a  faint  white 
Cloud,  and  a  Part  of  it  would  have  been  taken  for  mch,  but  the  whole 
Circle  feen  in  the  pure  Azure  Sky  was  a  very  furprizing  Sight. 

V N  XT  z,  Halo^  or  rather  /w,  that  was  likewife  an  entire  Circle,  hav- 
ing the  Sun  for  its  Center.  I  meafured  the  Semidiameter  of  this  to  be 
much  about  22  Degrees ;  the  Breadth  of  this  Arch,  which  was  well  defined, 
was  by  Eftimate  equal  to  the  Sun*s  Diameter,  and  it  was  coloured  with  the 
Colours  of  the  /w,  but  nothing  near  &  vrvid  as  in  the  common  Rainbow. 
The  Reds  were  next  the  Sun,  and  the  Blews  in  the  outward  limb..  With- 
in this  Circle  the  Sky  appeat^ed  fomewhat  obfcure,  elpecially  near  the  Arch; 
and  I  take  it,  that  the  Caufe  of  that  Obfcurity  was  likewife  the  Caufe  that 
the  Sun  (hone  fo  faint  and  watgrifh,    I  e3Teftcd  twoP^Maat-STandJ^in 
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the  Interlcaions  of  this  with  the  white  Circle,  having  often  fccn  them  at 
that  Diftance  and  Pofition  from  the  true  Sun,  but  at  this  Time  none  fuclt 
appeared. 

P  VP^  an  Arch  of  another  Circle,  of  which  only  the  upper  Part  appear- 
ed, it  was  in  all  Refpefts,  both  for  Breadth  and  Colours,  like  the  Circle 
VNXTj  which  it  touched  in  the  vertical  Point  /^,  but  its  Center  was  below 
at  M  or  near  it.  In  the  Interle6tions  of  thb  Arch  with  the  white  Circle 
on  both  Sides,  were  two  verv  bright  Pgrbeliay  fo  luminous,  that  I  do  not 
remember  to  have  fcen  the  lilce,  which  were  alfo  tinged  with  Colours,  ef- 
pecially  on  the  Side  next  the  Sun,  where  they  were  very  red.  I  meafurcd 
their  Diftance  from  the  true  Sun,  and  found  it  ^i 4^  Degrees*  About  ^ 
where  the  two  Arches  were  coincident,  it  was  very  bright  likewife,  and  the 
red  on  the  Infide  very  ftrong,  that  fome  might  have  imagined  another  Sun 
there  alfo,  but  the  Species  thereof  was  drawn  out  fo  in  Lengthy  that  it  could 
not  properly  be  called  zParbelian:  This  Arch  P^P  broke  off  on  both 
Sides,  Jbont  five  or  fix  D^ees  below  the  Parhelia  P.  P. 

At  JVT  or  the  lower  Part  of  the  Circle  VNXTy  there  appeared  likewife  a 
fmall  Piece  of  an  Arch^  which  touched  it  there,  after  the  fame  Manner  as 
P  VP  touched  in  V ;  it  feemed  to  have  its  Center  in  V^  and  about  JV  there 
r^peared  another  longifh  red  Species^  fuch  as  at  Vy  but  not  altogether  fo 
bright. 

The  Height  of  the  Sun,  during  the  Obfervation,  was  from  40  to  45 
Degrees,  when  Clouds  interpofing,  no  more  was  to  be  feen  5  the  Weather 
was  cooler  than  ordinary,  with  a  gentle  N.  W.  Wind.  And  it  was  plain, 
that  the  Vapour  which  caufed  this  Appearance^  was  higher  than  the  Clouds^ 
iot  they  were  feen  to  drive  under  the  Circles* 

X.  June  15,  1703,  between  Four  and  Five  of  the  Clock  in  the  Akcr- Sfofi  oE^ 
noon,  I  faw  a  Spot  in  the  Sun,  by  placing  a  white  Paper  fo  far  behind  xhitjfr^ed  in 
Tclcfcope  of  fix  Foot,  as  to  give  the  Image  of  the  Sun  nine  Inches  Dia-  *^  ^""'  '* 
meter  5  the  Spot  was  in  the  lower  Right-hand  Quadrant  of  the  Sun*s  Difk ;  ^Mt^ 
its  Form  was  almoft  round,  inclining  to  an  Ellipfis  ;  it  was  diftant  from  the  Gray, 
limb  of  the  Sun  about  fix  or  feven  Minutes,  and  its  Diameter  I  judged  to"-  ^8^- 
be  about  10  or  12  Seconds  :  A  little  before  the  Sun  fet  I  faw  the  Spot  with^"  '*^ 
a  16  Foot  Telefcope,  and  could  perceive  that  it  was   environed  with  a 
Miftinefs.    On  the  \(>tb  I  faw  the  Spot  again  about  Two  in  the  A^er- 
noon,  and  found  it  advanced  near  to  the  Weftern  Limb  of  the  Sua ;  the 
I'jth  was  cloudy,  and  fo  was  the  Night,  which  hindered  me  from  obferv- 
ii^  t&e  Eclipfe  of  the  Moon  ;  the  \%tb  in  the  Afternoon  it  cleared  up,  and 
a  litde  before  Five,  I  faw  the  Spot  with  the  16  Foot  Glaia  through  thin 
Clouds,  and  found  it  was  now  very  near  the  Limb  of  the  Sun,  little  more 
than  half  a  Minute ;  it  was  much  contracted  in  its  Breadth,  fo  as  to  be 
four  or  five  Times  longer  than  broad  :  On  the  i^tb  in  the  Morning,  I 
looked  for  it  again,,  but  could  not  fee  it ;  fo  I  concluded,  it  was  then 
cither  gone  off  die  Dilk  of  the  Sun,  or  if  it  adhered  to  the  Limb,  the  great 
Ticmulation  of  the  Atmofphere  hindered  me  from  feeing  \\^ 
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Aftronomcrs  haVe  by  thefe  Spots  found,  that  the  Suri  revolves  on  its  Axis, 
fo  as  that  in  2  7  Days  the  fame  Point  in  the  Sun's  Dilk,  returns  to  the 
fame  Place  feen  from  the  Earth  ;  hence  its  Semi-revolution  in  13  '4- Days, 
and  confequently  the  Spot  going  off  the  Sun's  Diik  the  19/i  of  June^  may 
be  expefted  to  return  the  2d  of  July  next  to  the  Eaftern  Limb  of  the  Sun's 
vifible  Hemifphere,  if  it  be  not  diffolved  before  that  Time.     I  liave  in  the 

Fig*  io\.  Figure  endeavoured  to  exprefs  the  Appearance,  but  had  not  theConveni- 
ency  of  meafuring  the  Angle  of  the  Spot's  Way,  with  the  Vertical,  which 
is  only  gueffed  at. 

Junethit  261b  1703.  In  the  Evening  I  looked  to  fee,  whether  there  were 
generated  any  new  Spots  in  the  Sun,  but  found  none ;  but  on  the  2ytb^ 
about  half  an  Hour  after  Eight  in  the  Morning,  by  receiving  the  Sun's 
Image  on  white  Paper  from  the  fix  Foot  Glafs,  I  faw  a  Spot  near  the  Ver- 
tical of  the  Sun  towards  the  lower  Limb ;  betwixt  Nine  and  Ten  I  elevated 
the  16  Foot  Tube,  the  Clouds  now  being  of  a  convenient  Thicknefs  to  let 
me  fee  the  Sun  without  Prejudice  to  my  Eyes,  and  found  that  this  Spot 
was  of  a  triangular  Forni,  and  that  it  was  accompanied  with  two  other 

Fig,  9S.  Icffer  ones,  as  is  expreft  in  the  Figure  •,  the  Sides  of  the  great  Spot  were 
curvilinear,  this  with  two  Icfler  ones,  made  an  Equicrural  Triangle ;  at  Four 
in  the  AfteriK>on  the  triangular  Spot  had  a  fmall  Fragment  feparated  from 
it,  and  itfelf  was  now  become  Elliptical,  the  Spot  i  was  much  augment- 
Fig,  gq^  ed,  but  the  Spot  c  diminiftied,  and  become  longifh,  as  in  Figure  99  >  at 
half  an  Hour  after  Five  the  Fragment  from  the  great  Spot  was  ittelf  di- 
vided into  two,  and  the  Spot  c  was  fo  narrow  as  fcarce  to  be  feen  j  as  at 

Fig.  100.  Fig.  100.  at  Six  a  Clock,  and  30  Minutes,  there  was  a  fmall  Fragment  fc- 

Fig.  1 01.  parated  from  the  lower  End  of  the  great. Spot,  as  at  Fig.  loi  -,  at  Sevwi 
a  Clock  the  Spot  b  was  much  encreafed,  but  c  was  vaniftied ;  the  Obferva- 
tions  made  this  Afternoon  with  tlie  16  Foot  Glafs,  were  when  the  Air  was 
clear,  and  fo  to  fecure  my  Eye,  the  Eye-Glafs  was  fmoaked  with  a  Wax-* 
Candle. 

The  29 thy  about  Seven  in  the  Morning,  I  faw  that  the  great  Spot  was 
much  augmented,  but  the  leffer  ones  that  Yefterday  attended  it,  were  va- 
nifhed,  and  that  there  were  two  new  ones  generated  at  about  i  -J-  Minutes 
Diftance  from  the'  great  one  below,  and  towards  the  Left-hand  of  it  the 

Fig,  102.  g^^^t  ^^^  was  a  ParalcUogram,  with  a  black  Diagonal  croffing  it  Fig.  102  ; 

Fig.  103.  at  Ten  a  Clock  there  was  another  Diagonal  croffing  die  former,  Fig.  103. 
and  the  two  leffer  Spots  which  before  were  longifh,  had  now  taken  a 
round  Form,  the  Spot  c  being  much  larger  than  the  other  at  b. 

I  am  not  yet  furniihed  with  proper  Inftruments  to  find  the  Fofition  of 
the  Sun's  Spots,  with  refpeft  to  Longitude  and  Latitude  on  the  Sun's 
Disk,  lo  I  contented  mylelf  with  obferving  the  Pofition  and  Variation  of 

fii^e'4     ^^^  Spots  among  themfclves,  which  afforded  me  a  moft  ftrangc  and  woa- 

Mr.  w.   derful  Variety. 

Derham,       2.]  The  two  Circles  Fig.  105,  106.  reprefent  the  Sun's  Disk,  and  N.  the 

»  irn^    Northern  Part  thereof,  S.  the  Southern,  E.  the  Eaftern,   and  W.  the 

^ig.^tJ-   Weftern  Part, 
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The  Place  of  the  Spots,  and  the  Manner  of  their  Appearance  every  Dajr, 
is  reprefented  with  the  Day  of  the  Month  on  the  Sun*s  Disk. 

But  I  defire  it  may  be  obferved,  that  altho*  the  Figures  of  the  Spots  are 
done  pretty  exaftly,  yet  their  Places  on  the  Sun  are  not  fo,  for  being  unpro- 
vided with  convenient  Inftruments  for  the  Purpofe,  I  could  not  e3adly  fet 
off  their  Delineations,  nor  their  Diftances  from  the  Sun's  Limb,  but  was  forced 
to  reprefent  them  only  as  well  as  I  could,  by  taking  the  Species  of  the  Sun 
upon  Paper,  through  a  Telefcope,  and  fo  marking  out  tlieir  Places. 

But  fincc  the  laft  Appearance  of  the  Spots,  I  have  invented,  and  have  provi- 
ded myfcif  with  an  exceeding  nice  Micrometer,  and  a  Watch  that  beateth  half 
Seconds,  hoping  to  have  been  able  to  have  feen  another  Revolution  of  them. 

My  Micrometer  is  not,  as  ufually,  to  be  put  into  a  Tube,  but  is  to  mea- 
fure  the  Species  of  the  Sun  on  Paper,  (of  any  Radius)  or  to  meafure  any 
Part  of  it,  which  I  am  inclined  to  think  is  nK>re  exad:  than  the  common 
Way.  By  this  Means  I  can  eafily,  and  very  exadtly,  with  the  Help  of  a 
fine  Thread,  take  the  Declination  of  a  Spot,  at  any  Time  of  the  Day;  and 
by  my  half  Second's  Watch,  and  a  fine  crofs  Hair,  (which  latter  Way  I 
learnt  from  my  Friend  Mr.  Flamftead)  I  can  meafure  theDiftancc  of  the  Spot 
from  the  Sun's  Eaftern  orWeftern  Limb. 

This  crofs  fine  Hair,  I  advife,  from  my  own  Experience,  Ihould  be  fet^ 
not  at  the  exaft  focal  Diftancc  from  the  Eye-Glafs,  (as  ufually)  but  a  litde 
out  of  that  Diftance>  nearer  towards  the  Objed-Glafs,  becaufe  the  Shadow 
of  the  Hair  will  be  thereby  much  narrower,  and  more  ftrongly  appear  crofe 
the  Species  of  the  Sun  received  on  the  Paper,  which  I  take  this  Occafion  to 
note,  not  only  becaufe  I  b-lieve  it  hath  fcarcely  ever  been  before  obferved, 
but  becaufe  it  may  be  of  good  Ufe  in  taking  the  Sun's  Altitude,  meafuring 
his  Diameter,  6f  r.  this  being  a  more  eafy,  and  perhaps  a  more  exaft  Way,, 
than  by  looking  through  the  Tube. 

Being  thus  provided,  if  I  could  have  feen  another  Revolution  of  theSun*s 
Spots,  I  fhould  have  been  able  to  have  given  a  more  accurate  Account  of 
then-  Pofition  and  Motion.  They  feemed  ftrong  enough  to  have  lafted  ano- 
ther, or  more  Revolutions,  but  none  have  been  vifible  fince  the  fixth  of  this^ 
Month,  on  which  Day  I  think  I  had  a  Glimpfe  of  a  Spot  on  the  Sun*^s  Wef- 
tern  Limb,  about  Seven  of  the  Clock  in  the  Morning. 

The  Appearances  of  the  Spots,  being  in  the  Figures  above,  fet  with  every 
Day  of  the  Month,  I  need  fay  but  little,  only  take  Notice  of  a  few  Things,, 
that  the  Figures  do  not  fo  well  exprefs. 

The  Spot  in  Fig.  105,  was  as  reprefented,  viz.  ift  round  and  ftrong,  afi:er- 
wards  long,  and  with  a  Nucleus.  The  very  fame  Spot  (I  doubt  not)  I  faw 
again  on  the  Sun's  Eaftern  Side  on  July  5,  but  very  faint,  fmall  and  long, 
(as  in  Fig.  106.)  fo  as  to  be  but  juft  difcernabie.  On  July  6^  it  quite  difap- 
peared,  both  through  my  Tubes,  and  on  P^r,  which  is  better. 

The  Spots  inFig.  106,  had  thefe  remarkable  Appearances  and  Variations^ 
On  June  28,,  viewing  the  Sun  towards  Evening,  I  efpied  a  large,  ftrong 
dark  Spot,  with  two  or  more  glaring  NubtcuU  behind  it,  fomewhat  like  the 
Reprefentatioa  in  the  Figure*    The&  the  next  Day  were  become  four  ftrong 
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dark  Spots,  the  foremoft  with  aTsdl  to  it,  conjoining  the  little  Spot  next 
it,  as  in  the  Figure.  On  June  30,  I  faw  Spots ;  but  it  being  a  cloudy 
Morning,  and  I  abfent  from  my  Tubes  in  the  Afternoon,  the  Reprefenta- 
tion  of  them  in  the  Figure  is  not  exadtly  as  they  were.  July  4,  between 
two  long  Spots  appeared  fomething  like  a  round  Nubecula^  as  in  the  Figure. 
The  reft  as  in  the  Figures. 

Thus  I  have  given  the  beft  Account  I  could  of  the  late  Solar  Spots.  The 
fmgle  Spot  in  June  may  be  feen  to  have  oafled  above  half  over  the  Disk,  be- 
fore a  Friend  of  mine  gave  me  Notice  or  it ;  And  that  and  fome  others  were, 
I  hear,  feen  in  May  -,  but  it  was  not  my  Fortune  to  fee  them  fooner  j  which 
if  I  had,  I  fhould  have  been  able  to  have  made  my  Account  better. 

^ildin^7hi  ^"  Saturday^  May  the  15*,  1703,  As  I  was  obferving  the  Setting  of  the 
Sun,  in  Sun,  in  order  to  examine  my  Clocks,  there  appeared  two  Suns,  the  Mock- 
i704.^jr  fun  feemed  above  the  Real  one,  which  was  then  only  five  Degrees  above  the 
Copt.  Stan-  Horizon.  Whereupon  I  took  a  good  feven-Foot  Telefcope,with  a  fmall  Aper- 
294!*  "  ^^^  ^^  ^^^^  difcover'd  a  Solar  Spot  near  the  Sun's  Center,  which  I  defign'd 
p.  1756.  to  obferve  more  exaftly  the  Day  following,  but  it  proved  cloudy. 
Maj         Sunday  no  Sun-(hine. 

MondiTfy  May  the  17th,  At  Six  a  Clock  in  the  Morning  I  took  the  fame 
Telefcope,  armed  with  a  clouded  Eye-Glafs,  and  immediately  perceived  that 
the  Spot  was  advanced  confiderably  towards  the  Sun's  Weftern  Limb  •,  it 
feemed  of  a  ftrong  Confiftence,  very  compact,  refembling  a  Face,  and  was 
.diftant  by  Noon  from  the  anterior  Limb  of  the  Sun's  Disk  6i  Seconds  of 
Fig.  107.  Time.     See  Fig.  107. 

^uefday^  May  the  i8th.  At  Noon  I  found  the  Spot  diftant  from  the  prc- 
Kg.  107.  ceding  Limb  46  Seconds  of  Time.     Fig.  107. 

Wednefdayj  May  the  19th,  At  Noon  I  obferved  the  Solar  Spot  to  be  mo- 
Fig-  107.  ved  within  33  Seconds  of  Time  of  his  Weftern  Limb.     Fig.  107. 

Thurfday^  May  the  20th,  At  Noon  the  Spot  was  arrived  within  21  Seconds 
of  Time  of  the  preceding  Limb,  and  moving  nearly  in  a  ftrait,  Lme ;  inter- 
Fig.  io7.^e£king  the  Parallel  of  Declination  pafllng  thro*  the  Sun's  Center.    Fig.  107. 
Friday^  May  the  21ft,  We  had  no  Sun-lhine. 

Saturday^  May  the  22d,  At  Seven  o'Clock  in  the  Morning  I  obferved  the 

F4.  107.  Solar  Spot  was  advanced  very  near  the  Limb  of  the  Sun's  Disk.  Fig.  107. 

Sunday^  May  the  23d,  At  Six  in  the  Morning  I  faw  the  Spot,  which  by  that 

Time  was  got  to  the  very  Edge  of  the  Sun's  Disk,  refembling  a  Barley  Com, 

lean  and  flender,  and  of  a  duskifh  Colour,  wanting  only  its  own  fliorteft 

Diameter  of  the  Sun's  Limb.     At  Eight  a-Clock  I  obferved  it  again :  AHb 

at  Ten,  and  at  Twelve.     At  Two  I  perceived  it  was  Aid  into  the  very  Cir- 

<nimference,   and  hardly  vifible,  had  I  not  had  an  Eye  upon  it  all  the  Day 

long.     At  Four  I  examined  the  Sun's  Body  with  my  eighteen  Foot  Glafs, 

which  is  a  good  one,  but  could  not  perceive  the  leaft  Glimpfe  of  it  j  fo  that 

Fig.  107.  about  Three  in  the  Afternoon  it  totally  difappeared.     Fig.  107. 

Jmi         On  Tburfdofj  June  the  3d,  About  Six  in  the  Evening  I  obferved  with  my 

dghteen  Foot  Glafs  four  Spots  in  the  Sun's  Disk,  environed  with  a  Miftinels, 

.     "  thicker 
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thicker  on  the  Right-hand  than  on  the  Left,  fituated  in  the  ilpper  Left-hand 
Quadrant,  about  the  12th  Part  of  the  Sun's  Diameter  diftant  from  his  neareft 
Limb.  From  the  Cloud  about  them  proceeded  both  Ways  five  long  curve 
Rays,  of  a  yellower  Colour  than  the  Sun*s  Body.  Thefe  Spots  I  could  never 
fee  more,  though  {  watched  them  for  feveral  Days  together.    Fig.  108.         Fig.  io». 

On  Monday^  Jum  the  7th,  1703,  At  Three  a-Clock  in  the  Afternoon,  I 
difcovcred  the  fame  Spot  (to  my  thinking)  that  I  faw  gooff  the  Sun's  Disk 
on  May  the  23d,  re-entring  the  Sun's*  Face  juft  at  the  Time  and  Place  that 
I  expe^cd  it. 

At  Four  of  the  Clock,  the  Sun  being  extremely  clear,  I  mounted  my 
eighteen  FootTclefcope,  through  which  the  Spc^  appeared  diftind,  but  flen- 
dcr  like  a  Spider,  with  an  Elliptical  fpeckly  Mift  about  it,  and  5  or  6  light 
coloured  Streaks.  It  feemed  to  me  to  be  as  it  were  divided  near  the  Top, 
as  in  Fig.  109.  Fig.  109. 

Tuefdayy  June  the  8th,  At  Six  in  this  Morning  the  Spot  was  very  vifible, 
and  I  faw  it  trace  again  its  former  Path,  coming  in  exa&ly  where  I  expedt^ 
ed ;  it  kept  its  Shape,  but  thofe  Limon  coloured  Streaks  difappeared, 
though  itfelf  and  the  Milt  about  it  grew  bokler  and  broader  viiibly,  as  it 
rc-entred  the  Sun*s  Disk. 

Wednesday ^  June  the  9th,  At  Five  of  the  Clock  this  Evening  I  obferved  die 
Spot  with  the  eighteen  Foot  Glafs,  but  could  not  perceive  it  had  altered  its 
%ape,  but  advanced  gradusdly  over  the  Sun's  Disk,  as  it  had  formerly  done. 

Tburfdaj^  June  the  10 A,  At  Noon  the  Sun  fliining  very  bright,  I  had  an 
Opportunity  of  being  affured  it  was  the  fame  Spot ;  I  plainly  (aw  it  move 
over  its  former  Path,  and  was  then  diftant  from  its  nearefl:  Limb  29  Seconds 
rf  Time.  At  Five  in  the  Evening  I  obferved  its  Shape  (with  my  eigttteen  Foot 
Tube)  to  be  altei^d,  appearing  bigger  and  blacker  than  ever,  as  in  Fig.  1 10.  Kg.  no. 

FHday^  June  the  1  ith,  was  an  ill  Day  for  Obfervations,  but  I  had  a  Sight 
•n't  with  the  ^i^hteen  Foot  Giafs ;  it  ccmtinued  black  and  bodd,  as  before. 

Saturday^  Junetht  12th,  At  Seven  a-Clock  ih  the  Morning,  the  Sun's 
Body  being  very  clear,  1  faw  die  Spot  through  the  eighteen  Foot  Glafs,  re- 
ta^ng  its  former  Shape. 

Sundsy^  June  the  1 3th,  By  this  Day  Noon  the  Spot  was  arrived  at  the  fame 
Point  of  the  Sun's  Disk,  that  I  found  it  in  on  M&nd^  at  Noon,  A%  the  i  ^th, 
which  make^  mc  inclinable  to  believe  it  was  the  very  fame  Spot, 

Monday^  June  the  14th,  according  to  Rules  received  Yefterday  from  Mr. 
Fkm^eady  I  meafured  die  Diftance  of  the  Spot  from  the  next  Limb  of  the 
Sanies  Disk,  which!  found  to  be  45  Seconds  of  Time  from  the  anterior  Edge 
of  the  Sun's  Body :  And  upon  Tuefday^  May  the  i8th,  it  was  (Served  to  be 
lA  the  very  fame  Place  of  its  Path,  within  a  fingie  Second  of  Time.  At  Four 
I  observed  it  widi  my  18  Foot  Glafs,and  perceived  that  it  had  atter'd  its  Shape, 
amearing  as  at  Fig.  1 1 1  •  I  received  it  on  the  Scheme,  and  it  was  diftant  from  Fig.  nu 
the  preceding  Limb  612  fuch  Parts,  as  the  Sun's  Semidiameter  is  900. 

Tue/day^  7»w  the  15th,  At  Noon  the  Sdar  Spot  was  diftant  32  Seconds  of 
Time,  from  eht  leading  limb  of  the  Sun's  Disk,  and  covered  the  very.Place, 
ivfcetr  die  feme  Spot  had  been  obferved  ovi  fFcdmfday  the  19th  of  iWiy. 

you  IV,  H  h  mdneflay. 
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U^ednefday^  yunct\\^  i6fh,  No  Sun-fliine. 

Thurfdayy  June  the  17th,  No  Siin-lhinc. 

Fridajy  June  the  i8di.  At  Noon  I  obfenrcd  the  Solar  Spot  waxing^.vcry 
flender,  but  notwithftanding  that,  it  was  black  and  bold  to  Appearance,  th^ 
Miftinefs  about  it  on  the  Righi-hand  perceiveable,  and  that  on  the  Left 
grown  flender,  in  Proportioa  with  the  Spot  itfelf,  and  found  it  diftant 
5  Seconds  of  Time. 

Snturday^  June  the  ipth*  At  Five  this  Morning,,  it  being  clear  Weadier,. 
I  faw  the  Spot  diftinftly  with  my  feven  Foot  Tube  :  At  Nine  a-Clock  I 
mounted  my  eighteen  Foot  Glafs,  obferving  once  in  half  an  Hour  all  the 
Morning  :  At  Twelve  I  perceived,  that  all  the  Cloud  or  mifty  Matter,,  that 
ufed  to  furround  the  Spot,  was  invilible,  and  the  Spot  itfelf  reduced  to-lictle 
or  no  Breadth,  in  Comparifon  to  what  it  had  been?  towards  the  Sun's  Center, 
and  fo  clofe  to  the  Limb  of  the  Disk,  that  I  could  only  perceive  a  fmall 
Streak  of  the  Sun's  Light  between  ity  and  the  Limb- of  the  Sun's  Body  :  At 
Two  a-Clock  I  could  juft  perceive  it,  but  grown  extremely  flender. 

The  firft  Revolution,  I  faw  the  Spot  haJt^  in  the  Circumference  erf"  the 
Sua's  Limb  at  Two  a-Clock.on  Sundays  May  the  23d  :  And  the  fecond  Re- 
volution, I  juft  perceived  it  with  the  eighteen  Foot  Glafs,  at  half  an  Hour 
after  Two  a-Clock.on.5i^/«ri^/'the  19th  Day  of  June. 

On  Sundojf^  June  the  27th,  About  Six  a-Clock  in  the  Evening,  I  obferved 
fcveral  Spots  in  the  Sun's  Disk,  but  had  not  the  Convenicncy  to  ufe  my 
longeft  Tcjtefcope,.  becaufe  of  fome  Trees  that  were  in  my  Way  to  Weft- 
ward,,  fo  that  I  madenoObfervation  till  Tue/day  following; 

Tuefday^  June  the  29th,  About  Seven  in  the  Morning  I  counted  16  remark- 
able Spots  in  the:  Sun's  Body^  and  near  his  Center  they  appeared  as  in  Fig. 
Fig.  » '2.  J  j^^  through  the  eighteen  Foot  Glafs^;  then  I  tookiny  feven  Foot  Telefcope 
and  Frame>  and  obferved,  that  the  foremoft  Center  of  fix,  that  looked  on 
the  Paper  as  one  Spot,  was  diftant  from  the  Sun's  anterior  Limb  81.  Seconds 
of  Time,,  and  the  laft  Clufter  87. 

This  Day  the  foremoft  Spot  was  diftant  from  the  following  Limb,  ac- 
cording to  the  Path  of  the  Spot,  juft  55  Seconds  of  Time.    The  Sun's  Dia-. 
meter  was-  always  i  j6  Seconds  in  the  Tranfit,  and  the  Spot  was  126 :  So  that 
the  Spots  Path  was  10  Seconds  fhorter  than  the  Sun's  Diameter. 

ff^ednefdayj  June  the  30th,  At  Eight  a*Clock  this  Morning,  obferying  the 
Solar  Spots  with  my  eighteen  Foot  Telefcope,  I  perceived  very  plain,  that 
they  had  wonderfully  increafed  in  Number,  and  ftrangely  changed  their- 
Places.  The  Clufter  of  feven  Spots  feemcd  to  me;  to  move  gradually,  as  the* 
fingle  Solar  Spot  did  ia  Afay,  but  the  Clufter  4  went,  too  faft  forward,  the 
Big.  113.  12  Spots  without  a.Mift  about  them  ftraggled  all  Manner  of  Ways,,  and  the : 
9,  Spots  and  the  5  black  little  ones  went  backward  and  unbent  itfelf  at  the ' 
fanne  Time  as  it  were  into  a  ftreight  Line.    I  am  apt  to  believe  it  went  back- 
ward, as  that  the  other  went  too  faft,  or  fafter  than  ordinaiy  forward ;  for  ia 
2^4  Hours,  the  foremoft  Clufter  advanced  21  Seconds  ot  Time,  which  is 
njore  by  6  Seconds  than  ever  the  fingle  Spot  moved  in  that  Time,  even  when 
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ftcareft  the  Sun's  Center ;  and  the  Diftance  in  Time  between  the  firft  and  the 
M  Clufter  this  Day  wa^  greater  by  three  Seconds  than  the  Day  before. 

The  fiH-emoft  Clufter  of  4  SpotH  was  diftant  from  the  advancing  Limb  of 
the  Sun  60  Seconds  of  Time. 

•  At  half  an  Hour  paft  Four  the  advancing  Clufter  paffed  the  Interfedtion  in 
55  Seconds  of  Time,  after  the  Sua*s  foremoft  Limb  had  pafted  conformable 
to  the  Spots  Path  \  and  the  laft  Spot  paffed  in  63  Seconds  of  Time,  the  laft 
Limb  palling  the  Interfedtion,  according  to  the  Path  of  the  Spot,  in  126 
Seconds  of  Time,  the  Sun's  largeft  Diameter  paffing  in  136  Seconds;  thcp-^ 
Spots  by  this  Time  appeared  ftrangely  black,  and  of  very  odd  Shapes,  as  in  "^* 
the  upper  Part  of  the  Circle. 

.  ^burfday^  July  the  i  ft,  At  Eight  a-Clock  in  the  Morning,  I  obferved  the  Jufy. 
Solar  Spots  wim  my  eighteen  Foot  Telefoope,  the  Weather  being  good,  and 
faw  that  they  had  ranged  themfelves  in  refpeft  of  one  another,  as  is  repre- 
fenced  in  the  upper  Part  of  the  Scheme :  The  leading  and  largeft  %ot  being  Fig.  1 14. 
cfiftaot  from  the  anterior  Limb  44.Seconds  of  Time,  the  laft  Clufter  lying  a 
little  awry,  paffed  in  53  Seconds :  After  the  anterior  Limb  had  fo  done^  the 
following  Limb  alfo  paffed  the  Interfeftion,  according  to  the  Path  of  the 
Spot,  in  125  Second$-of  Time. 

Friday  and  Saturdayj  No  Sun-fliine. 

Sunday  J  July  the  4th,  This  Morning  at  Eight  a-Clock  the  leading  Spot  was 
diftant  from  the  advancing  Limb  10  Seconds  of  Time,  the  Spots  and  Cluf- 
tcrs  retaining  nearly  the  fame  Shape,  but  beginning  to  contraft  themfelves, 
the  foremoft  methougbt  looked  ftrong  enough  to  niake  another  Revolu* 
don,  and  pafled  in  127  Seconds. 

Monday^  July^t  5th,  At  Seven  a-Clock  I  found  the  Spots  had  quite. al- 
tered their  Shape,  appearing  dull  and  flender,  as  in  the  u)wer  Part  of  the 
Scheme,  and  diftant  about  4  Seconds,  beira;  all  included  in  a  Cloud. 

Tuefday^  Jufy  the  6th,  At  Ten  a-Clock  me  Sun's  Disk,  viewed  with  my 
eighteen  Foot  Telefcope,  was  found  clear  of  all  Spots. 

On  the  lythDay  of  7«6'»  about  Four  a-Clock  in  the  Afternoon  loWerved 
Ibme  Spots  in  the  Sun's  Body,.refembling  thofe  I  faw  on  Tburfday  the  3d  of 
Juney  only  with  this  Difference,  that  thefe  .appeared  to  me  as  if  they  had 
been  heated  red  hot  5  they  fecmed.to  be  in  the  fame  Fart  of  the  Sun's  Disk. 
I  obferved  them  abovcan  Hour  together  that  Day,  but  could  never  afterwards 
fct  Eye  on  them,  nor  difcover  whether  they  were  coming  in,  or  going  off  his 
yifible  Disk.  I  continued  to  obferve  the  Sun  as  often  as  was  poffible,  with  my 
eighteen  Foot  Glafs^  tiU  the  End  of  the  Months  butwithout  farther  Succefe. 

[  4.]  I  have  endeavoured  to  render  this  Account  of  the  Spots  of  the  Sun  Spots  /« 
more  complete  than  my  former  •;  few  of  thofe  Appearances  having;  efcaped  ^^  ^"" 
my  Sight  1  and  being  alfo  better  provided  with  competently  good  Inftrumcnts-J!^''748^^ 
tp  take  their  Places  on  the  Sun,.w8.  a  Mcrmtter  (after  Mr.  Gafcoign's  Man-  h  MrM. 
nicr)  to  take  their  Diftance  from  the  Sun's  Northern  or  Southern  Limb,  Derham, 
^hich  i3  parallel  with  the  Pole  of  the  Earth  j  and  a  Half -Second's  Movement^  "*  ^^^' 
to  meafure  their  Diftance  from  the  Sun*s  Eaftem  or  Weftern  Limb.  ^^  ^^' 
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iMkisHMt^FactOa  are  noted  with  an  Afterisk  ;  and  the  Dura- 
^on  of  every  Appevance  of  the  £une  Spots  otFacMUyOx  the  Time  they 
difiqjpeared^  with  a  Line: 

Out  of  many  Things  that  I  took  Notice  of  in  viewing  the  Spots  and 
FacuLty  I  ihall  feleft  only  fome  few  Obfervations,  which  are  the  moft 
nmarlu&le. 

And  firfi^  as  to  the  Rgure  of  the  Spots.  They  are  well  known  to 
dttnge  fmpicntly  %  and  therefore  I  think  it  of  little  Ufe  to  give  their 
Figoies  every  Time  I  oUerved  them.  But  it  is  fbmewhat  remarksdile, 
that  die  %)0Cs  genoafly  appear  longpih  near  the  extreme  Parts  of  the 
Disk.  Ifthey  are  never  lo  round  near  the  Middle  of  the  Disk,  they  be* 
come  k)n«r  and  kxiger  towards  the  Extremes,  till  (at  going  off)  they 
fcem  to  oe  nearly  a  ihait  Line,  nearly  paiallel  to  the  Sun's  Limb. 
Which  is  a  manfeft  Aigumcnt,  that  the  Sun  is  a  Globe,  and  that  thefe 
Spott  ate  on,  or  very  near  its  Surface. 

Anodier  Thii^  ra&arkable  is,  the  MutabiUty  of  the  Shape  of  the 
Spots.  I  have  moct  than  once  manifeftly  perceived  them  to  change  iiv 
^  very  Time  I  have  been  k)okjng  upon  tl]^.  Hius  Nov.  19,  1703* 
I  fitw  three  or  more  Spots  not  far  off  the  Middle  of  the  Disk  ;  and 
whitft  I  was  lookii^  upon  them,  they  feemed  to  vary,  both  as  to  their 
Sfepe  and  Strength  ;  fometimes  feeming  longer,  fbmetimes  fhorter ; 
fometidies  fotfs,  fometimes  languid.  And  this  they  feemed  to  do,  not 
only  through  mv  fixteen  Feet  Tube^  (which  I  thot^ht  at  firft  was  fromr  « 

the  difieipent  Dilpofidon  of  my  Eye)  but  aUb  when  I  received  the  Sun'^ 
Image  through  a  fix  Feet  Telefcope,  on  a  white  Paper,  in  a  darkened 
Room.  Thdfe  mutable  Spots  the  Weather  hindred  me  from  feeing 
a^ain  till  November  the  22d  foUovdng  %  and  dien  they  were  become  only 
l£e  a  thin  Smoak^  or  Nibula. 

So  again  April  ii,  .1704,  there  were  divers  Spots  with  Umbr^  about 
dieai).  Thefe  Vm^Sy  or  Nebula^  I  coold  jplamly  perceive,  whilft  I 
was  losing  on  them,  to  be  fometimes  very  faint  and  thin,  and  ibme- 
^mes  much  ddrker  and  thidcer.  Thefe  Macule  Md  Umbr^  I  obferved^ 
fddderdy  tvake  out  in  the  Sun  :  For  on  jlpril  9,  the  Disk  was  free.  But- 
this  April  1 1.  laft  mentioned,  I  perceived  them  advanced  near  a  quarter 
Part  on  the  Disk  :  And  coi^eqtKntly  they  brake  out  in  the  Sun  wkhin; 
48  Hours  before.  On  April  t^  the  Spots  were  become  Uwhr^e  in  the" 
Morning  \  and  at  Four  of  the  Clock  in  die  Afoemoon,  there  were  no 
llemains  ci  either  Macule  or  Umbra. 

From  thisy&^r^  QMimanee  of  thefe  Spots  on  the  Sun,  it  is  more  tbasv 
probable,  they  were  in  a  perpetual  Flux  and  Change  ^  and  that  thoie' 
Mutaticms,  which  I  perceived  in  them,  wh^ft  I  was  looking  on  cbeiu,^ 
ivere  real,  not  imaginary. 

Alfo^it  may  be  ^her  remad&ed>  (whidi  I  have  frequently  obfeived^ 
and  which  as  I  remember  ^Vi^^'n^  obferved  long  a^o)  Thsu:  thofe  Spois!i 
Ind  VnAr^if  yAikk  Juddinfy^xikj  do  as  Jkddmfy  oecay,  and  are  fton 
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ixtinS.    Ahd  fuch  Spots,  I  have  ferther  obferved,  do  fddom  irnn  to 
FacuUj  as  they  commonly  do  when  longer  on  the  Sun.    • .  -, 

Again,  May  5,  1705,  I  could  perceive  two  Spurs  .or  Branches  <nm- 
ning  from  a  Snot)  to  change,  and  be  fometimes  darker,  fomctimcs 
thinner. 

So  March  30,  1 706,  I  obferved  fuch  another  Variation.  This  DajTt 
or  but  a  little  before,  Spots  with  FacuU  aroft  in  the  Sun,  whjlch  reijwin- 
cd  not  above  three  Days  on  him.  One  of  thefe  Spot^-  Icould  manifeftlf. 
perceive  to  be  fometimes  quite  extind,  and  then  again  immediately  to. 
appear :  And  the  FacuU  alfo,  in  half  an  Hour's  Time,  had  plainly*^ 
tered  their  Shapes. '  -.v.    '.*.•.      .     .-i^i 

ORoher  29,  the  fame  Tear,  I  could  plainly  perceive  the  AfacuU^it^ 
Facula  both  to  change  :  And  whilfl:  I  was  carefully.  Viewing  thenv  fi' 
faw  a  Spot  arife .  in  one  of  the  hrighteit  FacuUy  and  ^ain  nearly  dS^ 
appear;  and  then  again  appear  ftrong  and  fpifs**  \I-ihould  ihave  been. 
glad  to  have  feen  how  they  appeared  next  Day  ;!;tHit:;thc  Weather  was 
ftormy,  cloudy,  and  wet  for  feveral  Days  after.    :  :.-4 

Another  Thing  I  have  obferved  (and  not  having  the  Book:  by  roe,  I 
forget  whether  Scbeiner  obferved  the  fame  or  not)  is,  That  the  Ma- 
cula do  generally,  if  not  always,  become  Nebula  or  Ufnbra^  before 
they  quite  vaniih ;  and  after  that,  very  frequently  turn  to  FacuU^  or 
bright  golden  Spots,  more  illuftrious  and  fulgid  than  the  other  Parts 
of  that  glorious  Globe.  If  the  Spots  are  of  a  ihort  Duration,  FaciiU 
feldom  enfue:  Or  if  they  do,  they  are  commoiily  the  Remains  of 
fome  Spots  that  had  been  on  the  Sun,  and  vanifhed  perhaps  on  the  Side 
oppofite  to  us.  But  Spots  that  long  continue^  if  they  vanifli,  before  that 
Part  of  the  Sun  rcvolveth  out  of  our  Sight,  do  very  often  becoqie  Fa- 
€uU  :  Of  which  the  Table  affordeth  feveral  Inftances,  particularly  July  3, 

I705-  ^ 

From  thefe  preceding  Particulars,  and  their  Congruity  to  what  we 
perceive  in  qur  own  Globe,  I  cannot  forbear  to  gather.  That  the  Spots 
en  the  Sun  are  caufed  by  the  Eruption  of  fome  new  Vulcano  therein  \  which 
at  firft,  pouring  out  a  prodigious  Quantity  of  Smoak,  and  other  opa- 
cous  Matter,  caufeth  the  Spots  :  And  as  that  fuliginous  Matter  de- 
cayeth  and  fpendeth  itfelf,  and  the  Vulcano  at  laft  becomes  more  tor- 
rid and  flaming,  fo  die  Spots  decay  and  .grow  to  Umbne^  and  at  laft  to 
F^uUy  vi\i\c^  FacuLe  I  take  to  be  no  other  than  more  flaming  brighter 
Parts  than  any  other  Parts  of  the  Sun.  Thefe  Faada  I  have  obferved 
Tiever  continue  long  on  the  Sun  :  Ahd  the  Reafon  I  conceive  is,  becaufe 
the  Vulcano^  after  its  Smoak  is  over,  doth  not  long  emit  its  Flames,  by 
reafon  the  fiery  Pabulum ,  is  then  near  fpent,  when  once  it  begins  to 
flame  :  After  which  the  torrid  Vulcano  foon  returneth  to  the  natural 
Temperature  of  the  Sun,!  fo  nearly  at  leaft,  as  to  efcape  our  Sight,  at 
io  vaft  a  Diftance  as  the  Sun  is  from  us. 

Another  Thing,  that  may  be  accounted  for,  and  indeed  doth  in  fome 
Meafuce  confirm  alfo  wkuc  I  liave  iaid,  i3  the  Nuclei^  or  darker  Fart 
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of  thi  Spots  ;  generally  in  moft  Spots,  and  towards  the  Middle  of 
them.      Now  it  is  very  ufual  in  culinary  Fires  in  this  our  Globe, 
when  they  emit  Smoak,  that  the  Middle  is  the  darkeft  Part.    If,  for 
Inftance,  we  were  from  aloft  in  the  Air,  to  fee  a  thick  Smoak  come 
tumbling  out  of  a  Chimney ^  or  the  Mouth  of  a  Vukano  juft  kindled, 
we  fhould  find  the  middle  Part,  juft  over  the  Mouth  of  the  Chimney^ 
or  Vukano^  to  be  the  more  fpifs  and  dark,  and  towards  the  Fxtremes 
clearer  and  thinner.     And  fo  I  take  it  to  be  in  the  Eruptions  of  the 
Sun ;  that  the  Nucleus  is  juft  over  the  Mouth  of  the  ignivomous  Ca- 
vern, and  that  the  mifty  Parts  of  the  Spot  are  the  thinner  Parts  of  the 
Smoak,  fwimming  about  in  that  Fluid,  or  Atmofpbere^  which  I  fuppofe 
doth  furround  the  Sun,  as  well  as  our  Globe,  and  the  Moon  manifeftlyj 
yea,  and  in  all  Probability,  every  Planet  of  this  our  Solar  Syftem. 
-   Froai  what  hath  been  laid,  we  may  give  a  Reafon,  why  there  are 
j    fometimes  S^v^  frequently  on  the  Sun,  and  fometimes  ncne  in  many 
Yeats.     One  Thing  1   believe  there  is  in  this.  That  there  may  be 
Spots,  but  not  always  feen.     But  there  are  doubtlefs  great  Intervals 
fometimes,  when  the  Sun  is  free  ;    as  between  the  Years  1660,. and 
1671,  1676,  and  1684.     In  which  Time  Spots  could  hardly  cfcape  the 
I    Sight  of  lb  many  curious  Obfervers  of  the  Sun,  as  were  then  perpc- 
I    tually  viewing  him  with  their  Telefcopes  in  Englandj  France j  Germany^ 
j    Itafy^  and  all  the  World  over  ;  whatever  might  be  before,  from  Scbei- 
I   ner^s  Tame.     The  Reafon  of  this  long  Difappearance  of  the  Spots,  I 
cake  to  be  from  the  Want  of  extraordinary  Eruptions  in  that  fiery 
Globe.     The  fulphureous,  or  other  Matter,  or  Pabulum  of  thofe  Erup- 
tions, is  fpenc  or  diflipated,  and  that  Globe  continues  in  its  natural 
f   ordinary  burning  State,  till  there  happens  to  be  a  frefh  Colledtion  of 
I  fmoaking,  difplofive,  and  extraordinary  Matter,    that  caufeth  a  new 
I   Eruption :  Which  Eruptions  generally  happen  between  what  we  may 
I   call  die  Sun's  Tropicksj  or  in  his  Torrid  Zone :  For  I  never  obferved  any , 
Spots  to  be  near  the  Sun's  Pdles.    And  if  I  mifremember  not,  the  Spots 
in  Sebeiner^s  Cuts  are  all  about  the  middle  Zone  of  the  Disk.     The 
greateft  Evagation  lever  obferved  of  them  was  Marcb  8,   170^.     On 
which  Day^.  befides  the  dark  Spots  in  the  ufual  Zone,  I  perceived  fome 
faint  Spots,  fcarce  vifible,  much  nearer  the  Southern  Pole,  than  I  ever 
had  feen  them.     But  this  was,  no  doubt,  in  fome  Meafure  owing  to  the 
Pofition  of  the  Earth  in  refpeft  of  the  Sun,  as  well  as  to'  the  Souther- 
ly  Place  of  the  Spots  on  him  :  For,  about,  the  Equinoxes,  the  Spots 
j  feem  to.  march  pretty  far  towards  the  Poles  of  the  Sun,  as  may  be  feen 

hfxhoSciemas^  Fig.  115. 116. 

L      Having  thus  obferved,  what  Pari  of  the  Sun  the  Spots  commonly 

'  poflfefs,  1  Ihall  next  take  Notice  of  their  Stages  and  Patb  over  the 

i  Sun.     That  the  Sun  movcth  round  his .  own  ^ij, .  is  manifefl,  beyond 

Dpubt,  from  the  Motion  of  die  Spots.     And  that  the  Spots  feem   to 

tmverfe  (he  Sun,  fosietimes  in  itrait  Linesy  fometimes  in  Curve  linCvS 

curved- 
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ctirved  this  Way*  and  that  W^y,  fc  as  mantfeft  alfo,  and  wdl  know«i 
and  is  fet  forth  in  the  Figures  s  WWch  Figures  Ihew  the  Stages  of  the 
Spots,  every  Day  that  I  obferved  them,  and  the  Lines  they  delcribe  ia 
feveral  Months  of  the  Year.  The  daily  Stages  in  both  Figures  are  ex* 
aft ;  or  if  tliey  feem  otherwife^  it  is  by  reafon  the  Obfervations  ,wcre 
made  at  different  Times  of  the  Day  ;  as  One  in  the  Morning,  the  other 
fome  following  Day  in  the  Evening,  or  Afternoon.  But  the  Declinations 
of  the  Spots,  or  their  Diftances  from  the  Sun*s  Northern  w  Southern 
Limb,  are  lefs  exaft  in  the  i  i6th  Figure  than  the  1 15th,  in  which  latter 
they  are  very  near  the  Truth. 

^  And  the  Caufes  of  the  Defefts  In  the  1 1 6th  Figure  I  fliall  mention,  to 
|)tevent  the  fame  Errors  in  others  I  myfelf  ran  into. 
-  I.  The  Diminution  of  the  Sun*s  vertical  Diameter  by  the  Refraftions 
Was  the  principal  Caufe  of  my  Errors.  This,  although  I  was  fufficient- 
ly  aware  of,  yet  I  did  not  think  had  been  fo  ccMifiderable,  for  Want  of 
ejtperimenting,  or  well  confidering  the  Matter  :  For  I  have  fomcdmes 
found  the  perpendicular  or  vertical  Diameter  of  die  Sun  diminifhed, 
from  32^  2 1"'  on  the  Meridian,  to  i6\  2!^  at  the  Horizon,  in  one  and  the 
fame  Day. 

2.  For  the  fame  Reafon  I  was  not  aware  of  the  Time  being  fo  lopg^ 
before  the  Sun  goes  round,  as  I  found  it. 

3.  Anodier  EriDr  was  meafuring  the  Sun*B  Image  on  the  Scene  of 
white  Papcr^  with  the  Shade  of  the  Micrometer  ;  and  not  b?  looking 
through  the  Tube,  and  fo  clafping  die  Limb  of  the  Didc  witn  the  pa- 
raHel  Edges  of  the  Micrometer.  The  former,  although  praftifed  by 
fome  eminent  Aftronomers,  is  a  far  more  eafy  smd  indulgait,  dum  ac* 
curate  Way. 

«-Jf/ii/-./r«*     5.]  I  hare  fince  feen  other  Spots  on  the  Sun,  whofe  Times  arc  expref^ 
j7oW»i7«  i»  fed  in  ^t  following  Table. 

%id%?7^\      I^rom  my  Obfervation  of  thefe  Spots,  I  am  farther  coi^rmed  in  the 
-    *'  '      *  Ojnnion  I  expreffed  in  the  forgoing  Paper :  Particularly  in  viewing 
fig.  117.      die  Spots  of  Auguft  I,  1708,  (reprcfcnted  Fig.  117.)  wherc  fome  wot 
large  and  dark,  dthers  lefs  and  thinner^  and  all  encompalTed  with  Ne* 
buU.    In  viewing  thefe,  I  obferved  great  Alterations  at  the  very  Time  I 
was  looking  on  Aem.    Sometimes  the  Nuclei  were  very  dark  and  blacky 
fometimes  lefs  fo  \  and  the  fame  Thmg  t  obferved  alfo  in  the  Hehd^e  en* 
Pig.  117.      compaffing  them.    One  of  the  leffer  Spots  b  in  Fig.  117,  which  the 
Day  before  was  fufficienriy  vifible  and  ftrong,  was,  this  Day  now  duck   | 
and  ftrong,  and  Anon  languid  and  lefs  vifible.  And  from  the  two  Spoa  I 
a  and  d  I  could  plainly  fee  a  Smoak  ifliiing  out  to  c  and  /^  fometimes  J 
Tifible  for  5  or  6  Minutes,  and  then  difappearing  for  a  Quarter  of  aa  1 
Hour,  or  more  -,  and  then  again  fmoaking  out,  and  i^in  <fiiaj^earingf  | 
m&  before.    AH  which  Particulars  I  faw  over  and  over  ^ain  repeat)^ 
for  a  good  While  togedier,  till  I  was  weary  of  the  Obfervation.  -**   : 
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Thefc  Spots  1  was  hindred  from  view- 
ing umU  Atigujl  5,  following  :  And  then  I  Fig.  117. 
found  the  Spot  b  quite  extinft,  (as  I  expect- 
ed)  as  alfo  fome  of  the  other  Spot3 »  to- 
gether with  the  NebuU  grown  lefs.  But 
the  great  Spot,tf  continued  dark  and  ftrong^ 
only  fometimes  fainter,  and  then  again 
ftronger ;  and  fometimes  like  a  half,  or  horn- 
ed Moon  J  fometimes  roundifli,  or  rather  of 
an  oval  Figure  ;  of  which  latter  Figure  they 
commonly  are,  when  they  are  near  the  Sun's 
Limb,  which  this  Spot  was  not  far  off  at  this 
Time. 

Thefe  Particulars  are  Confirmations  of 
what  I  faid.  That  the  Solar  Spots  are  no, 
other  than  a  Smoak  rifing  out  of  the  Body  of 
the  Sun.  Of  which  Opinion  I  have  been, 
almoft  ever  fincc  I  firll  obferved  them^ 
and  find  that  I  am  not  finguiar  in  this  Opi- 
nion, as  I  fliall  fhew  from  Part  of  a  Let- 
ter (which  with  fome  others  is  lately  fallen 
into  my  Hands)  from  Mr.  Crabtrie  to  Mn 
Gafcoigney  the  Inventor  of  the  Microme- 
ten 


*  I  writ  to  Mr.  Tomiley  my  Opmion  in  Brief  of  the  Sun's  Spots,  A&*.Crabtric> 
(which  you  conceive  to  be  Stars)  and  it  feems  he,  or  Mr.  Kaf^  writ  f^^spo^ im 
to  the  fame  Purpofc  to  you,  defiring  your  Opinion  :  Which  you  free-  a  Letter  /# 
ly  deliver :  Yet  give  me  Leave  to  fpeak  my  Mind  likewife  freely  con-  Mr-  Gaf- 
ceming  thefe  Appearances.    I  do  not  value  the  Authority  oiGalilMS^  ^^^**^6^"* 
<x  Kepler^  further  than  either  demonftrative,  or  the  moft  probable  S^  7»  »  40» 
Reafons  confirm  their  Opinions.    I  acknowledge  you  fay  more  for 
the  SteUifying  of  thefe  Solar  Obfcurities,  than  I  have  heard  before  ; 
yet  I  conceive  not  fufficient,   either  dcmonftratlvely  or  probably  to 
countermand  thofe,  which  GaliUus^  Kepler^  and  others  have  produced 
to  the  contrary  ;  nor  yet  fuch  as  can  be  cleared  from  fuch  Objedtions, 
as  Reafon,  Demonftration,  and  Obfervation  may  lay  againft  them. 
My  Occafions  will  not  admit  a  full  Difquifition  hereof  at  this  Time  $ 
yet  fomething  I  would  fay  for  the  prcfcnt,  the  better  to  fiimifli  you 
where  to  objcft,  when  I  fee  you. 
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^  I  have  often  obferved  thefe  Spots  ^  yet  from  all  my  Obfervations 

<  cannot  find  one  Argument  to  prove  them  other  than  fading  BoJUs^ 

*  But  that  they  are  no  Stars,  but  unconftant  (in  regard  of  their  Gene- 

<  ratjion)  and  irregular  Excrefcences  arifing  out  of,  or  proceeding  from 
^  the  Sun's  Body,  many  Things  feem  to  me  to  make  it  more  than 

*  probable. 

*  For  firft,  for  their  Form ;  they  are  feldom  round,  but  of  irregu- 

<  lar  Shapes,  and,  as  I  have  often  feen,  one  Side,  or  End  of  the  Spot 
^  more  thin  than  the  reft,  like  to  a  certain  mifty  Darknef^,  and  by  De- 

*  grees  thicker,  grofler,  and  darker,  nearer  to  the  main  Body  of  the 

*  Spot ;  juft  as  the  Smoak  of  fome  pitchy  Fire,  which  is  in  one  Part 

*  very  grofs,  and  in  another  more  rare  and  thin,  turning  at  lad  into 

*  mere  Air :  Or  like  a  Cloud,  Fog,  or  Mift,  more  thick,  dark,  and 

*  grofs  in  the  Midft  ;  and  more  thm^  fluid,  penetrable,  and  tranfparcnt 

*  towards  the  Sides  \  which  I  fuppofe  is  not  compatible  with  any  of  the 

*  Stars, 

*  Secondly,  for  their  Colour  :  The  Lightnefs  thereof  differcnceth  them 
«  from  Stars,  or  Planets  ;  they  being  never  of  fuch  abfolute  Darknefs^ 

*  as  I  obferved  Fenus  the  i4th  of  November  laft  :  Though  I  have  feen 
^  Spots  fometimes  little  Mb  than  fhe,  yet  always  df  a  far  paler  and 

*  whiter  Colour,  looking  (at  lead  rn  fome  Parts)  like  fo;ne  thin  diffipa- 

*  ted  Subftance. 

*  Thirdly,  for  the  Mdmer  of  their  Jppearance.  I  have  feen  many 
^  Spots,  which  in  the  Middle  of  the  Sun  appear  of  a  round  Body^  bii 
^  coming  towards  the  Side  of  the  Sun,  appear  long.    Which  is  a  de- 

*  monftrative  Argument,  that  they  are  not  Globes,  as  all  the  Planets 

*  and  Stars  are  :  For  Globes  always  appear  of  one  Form  (round)  in 
^  every  Pofition  ;  but  Exhalations,  or  fuch  like  fluid  Subftances,  ex- 
^  tended  to  a  broad  flat  Form,  like  our  Clouds,  which  being  over  our 
^  Heads,  and  fo  in  their  full  Breadth,  appear  large  and  broad  ;    but 

*  driven  with  the  Wind,  till  they  turn  one  Edge  upon  us,  feem  of  a 

*  long  Shape.  So  thefe  Solar  Clouds,  being  turned  about  the  Sun,  may 
^  in  the  Middle  ihew  their  full  Breadth  to  us,  and  about  both  Edges 
^  of  the  Sun,  turn  their  Edges  to  us  :  Which  anfwereth  to  the  Appear- 

*  ance. 

*  Fourthly,  for  their  Continuance.    Some  of  thefe  Spots,  arifing  at  the 

*  Eafl-fide  of  the  Sun,  vanifh  before  they  come  to  the  Midft  of  the  Sum 

<  Others  appear  firft  in  the  Middle  of  the  Sun,  and  vanifh  before  they 

*  come  to  the  Weftern  Limb  ^  and  for  the  moft  Part  they  vanifh,  be^ 

*  fore  they  have  made  a  full  Revolution  about  the  Sun,  Which  argues 
^  them  to  be  but  thin,  vanifhing,  fading  Subftances,   no(  like  the  per-» 

*  manent  Bodies  of  the  Stars. 

*  But  to  take  off  thefe  Reafons,  yoii  anfwer.  That  you  conceive 

*  thefe  Spots  to  be  Stars  moving  regularly  in  their  awn  Orbs,  which 
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<  are  inaay,  though  none  of  greater  Extent  than  about  -Ar  of  the  €>  Se- 
\  midiameter  from  its  Circumference  ;  and  that  the  fwifter  Movers  in 

*  the  lower  Orbs,  overtaking  the  flower  in  the  higher  Orbs,  caufe  an 

*  Appearance.    You  feem  therefore  to  think,  that  they  being  fo  thin 

<  Bodies,  the  Sun*s  Rays  pafs  through  them,  and  fo  one  cannot  be  feen 
«  alone,  till  more  bemg  together,  one  heaped  behind  another,  they  ftop 
»  the  Light  of  the  Sun's  Rays,  and  fo  caufe  an  Appearance.     This  I 

*  conceive  is  your  Meaning  :  Or  elfc  (as  you  fccm  to  infinuate  after^ 

*  wards)  that  the  higher  rcflefts  the  Sun's  Rays  ftrongly  enough  upon 
»  the  lower,  (when  they  come  witliin  the  Angle  of  Refledion)  to  make 

*  the  interjacent  Planet  indifcernible. 
•  But  to  thefc  I  anfwer,  that 

I.  *  If  it  be  by  their  coming  within  the  Angle  of  Refleftion,  that 
the  Light  of  the  Sun  retlcfted  trom  the  outer  Planet  upon  the  inner, 
doth  make  it  ( as  you  fpeak  )  indifcernible,  then  that  Light  fo  re** 
fleded,  is  refleded  either  upon  all  Places,  as  the  Moon  and  Planets  • 
Light  %  or  but  upon  one,  as  is  the  Reflcdion  of  a  plain  Looking*- 
Glais.  If  the  i^if^,  there. would  never  be  many  feen,  (feldom  above 
one  or  two)  becaufe  the  outermoft  would  continually  make  the  inner 
undiicemible.  But  Gujfendus  affirms,  there  are  feen  fbmetimes  40  at 
once  in  the  S«n*s  Body.  If  the  fecond,  there  would  always  be  many 
feen,  becaufe  the  refleded  Light  would  but  occupy  a  little  Room, 
and  that  but  for  a  fmallTime,  till  the  fwifter  were  paft  the  Place  of 
RefleAion :  Whereas  many  Days  there  are  none  at  all  feen  in  the 
Sun's  Hemifphere :  And  in  both  thefe  Cafes,  the  outermoft  Planot 
of  all  would  always  in  the  Space  of  27  Days,  be  feen  in  the  fame 
Place,  being  never  obfcured,  none  of  the  Inferior  being  able  to  r^ 
fleA  light  upon  it.  Add  hereunto,'if  any  Kind  of  Refledion  fliould 
make  them  to  appear  bright  like  the  Sun,  and  fo  not  diftinguiihable 
from  the  Light  of  the  Sun^  what  fhould  '  hbder,  but  we  ihould  fee 
them  alfo  bright  Bodies  by  the  Side  of  the  Sun,  when  they  are  pai^ 
nng  either  by  the  Weft  or  Eaft-fide  of  the  Sun's  Body  ?  The  Light 
being  then  reflefiied  upon  them  by  the  inferior  Planets,  as  well  as  at 
other  Times,  and  that  alfo  upon  much  of  that  Side  of  them  which  wc 
jQiould  behold. 


•  N,  B.  Mr.  Gafcoigne  hMing^  agaiffi  thfe  Woris^  injiried  a  rough* 
drawn  Figufe  in  the  Margin  of  Mr.  Crabtrie*j  Letter^  I  have  alfo  repre- 
fmttd  it  in  Fig.  118.  imagining  it  nu^  fmewbat  explain  J4r.  Gafcoigne*^  J'ig.  i*». 
^Ipotbefisy  and -what  Mr.  Cr^hoAcfaitb  agaitf/i  it. 

lit  !  But 


244  ^/tf/x  in  the  Sun. 

*  But  if  you  wave  this  Conceit,  as  infufiicient,  and  fly  to  your  for- 

*  mer.  That  the  fwifter  Movers  in  the  lower  Orbs,  overtaking  the 
^  flower  in  the  higher  Orbs,  caufc  an  Appearance.     To  this  I  anfwer : 

*  ii  The  Thing  you  fuppofe  feems  to  me  neither  neceflary  nor  probable, 

*  nor  do  I  conceive,  why  they  fhould  not  be  feen,  being  themfelvcs 
^  alone,  as  well  as  conjoined,  feeing  all  other  Stars  and  Planets  are  fo. 

*  2.  If  it  be,  becaufe  they  are  of  a  thin,  tranfparent  Subftance,  till 
^  many,  being  one  behind  another,  make  them  to  feem  grofler  ;  then 

*  they  are  not  of  the  Nature  of  other  Planets,  as  is  proved  in  $  md  ?, 

*  who  of  themfelves  appear  dark  Bodies,  when  they  come  between  us 

*  and  the  Sun ;  nay,  they  muft  be  more  thin  than  our  Clouds,  which 
^  will  eafily  be  feen  between  us  and  the  Sun,  and  hide  it  from  us.     3.  If 

*  it  be,  becaufe  they  are  fo  little,  that  the  Imperfedtion  of  our  Glaffes 

*  cannot  difcover  one  alone,  there  muft  be,  without  doubt,  many  Mil- 

*  lions  of  ihem  -,  which  how  they  can  be  included  within  the  Compafs 

*  of  tV  of  the  O  Scmidiameter,  we  (hall  confider  anon.    I  have  feen  one 

*  of  an  ordinary  Darknefs,  (yea  darker  tlian  many  greater)  yet  not 

*  above  5^^  Diameter.     If  this  confift  of  two,  or  many,  of  themfelves 

*  invifible,  how  many  were  in  thofe  which  Gajfendus  faw  of  i^  4^  Dia- 
^  meter  ?  4.  The  Figure  of  thefe  great  ones  (being  neceflarily  compofed 
^  of  Stars  of  fuch  different  Orbs  and  Motions)  would  quickly  vary, 

*  by  reafonof  the  Diverfity  of  their  Motions  ;  like  as  we  fee  in  a  Flock 

*  or  fmall  Birds.    But  5thly,  You  fay  the  furtheft  of  thefe  Orbs  is  not 

*  above  -j^  of  the  Sun's  Scmidiameter  from  its  Circumference.    But 

*  there  would  not,  in  that  fmall  Space,  be  Room  enough  for  fo  many 

*  Orbs  of  Planets,  as  have  been  feen  at  once.     Which  I  prove  thus : 

*  I.  Gajfendus  affirms,  there  are  fometimes  fome  of  about  the  A  P^ 

*  of  the  0  Scmidiameter ;  which  is  the  whole  Space  allowed  by  yoti 

*  for  them  all.     And  myfelf  have  feen  of  the  -rV  of  the  o  Scmidiameter: 

*  And  yet  you  muft  confefs,  thefe  great  ones  could  only  be  Conjunftions 

*  of  fome,  not  all.  2.  There  are  many  Times  feen  in  the  Sun's  Super- 
^  ficies,  a  great  Number  of  Spots,  whofe  Piameters  added  together, 

*  would  do  more  than  twice  fill  the  Space  you  fpeak  of.     I  myfeif  have 

*  feen  it,  and  fo  I  believe  have  you.    Gafjendus  affirms,  there  are  fome- 

*  times  40  feen  at  once  :  If  this  was  by  Conjunftion  of  Planets,  in  every 

*  Appearance,  there  were  at  leaft  80  Bodies  at  once  on  this  Side  the  0  ; 

*  it  may  be  as  many  on  the  other  Side,  befides  thofe  unfeen,  (by  your 
^  Refleftion  or  otherwife)  which  doubtlefs  muft  be  far  more  than  feen. 

*  For  it  is  a  moft  rare,  and  I  think  unheard  of  Thing,  to  fee  but  three 

*  (which  is  lefs  than  the  Half)  of  our  Planets,  conjoined  in  vifible  <s  at 

*  once :  So  that  without  Queftion,  if  they  be  Planets,  they  are  many 

*  Hundreds  j  which  muft  have  fo  many  fcveral  Orbs, '  and  which  cer- 

*  tainly  cannot  be  done  in  fo  narrow  a  Compafs,  as  the  tV  of  the  O  Se- 

*  midiameter.    And  that  they  cannot  have  any  larger  (I  fuppofe  notfo 

*  large 
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«  large  an)  Extent  from  jthc  O  Superficies,  may  be  proved  by  their  Mo- 

*  tion  through  the  vifible  Hc;mifphere  of  the  Sun*s  fpherical  Body,  by 
^  comparing  the  Swiftnefs  of  their  Motion  towards  the  Middle  and  Sides 
'  together.     6.  If  one  of  thefe  (imagined)  Planets  be  fwifter  than  an- 

*  other,  as  they  muft  needs  be,  then  the  6  of  2  or  3  fwifter  ones  would 
^  make  a  Spot  of  fpeedier  Motion  than  the  6  of  2  flower  ones :  But 
^  the  Motion  of  all  about  d^  O  Center,  is  always  equal ;  yea,  and  the 
^  Spots  ret^  the  fame  Pofition  one  to  another,  (conlidering  the  Sun's 
^  Sphericity,  and  the  Angle  of  their  Appearance  to  us)  juft  like  the 

*  fixed  Stars.  So  affirms  GajfenduSj  They  all  move  with  the  fame  uni- 
'  form  Motion,  fo  that  when  there  are  feveral  of  them,  no  one  over- 
^  takes  another,  but  they  all  preferve  the  fame  Diftances  in  the  Sun'a 

*  Difk,  as  the  fixt  Stars  do  in  the  Firmament, 

^  As  for  that  other  annual  Motion  of  the  Spots,  you  fpeak  of,  from 
^  Weft  to  Eaft,  upon  their  Axis  inclined  above  8  Degrees  to  the 

*  Ediptick ;  I  fuppofe  it  is  not  any  real  Motion  of  the  Orbs  of  thpfe 
^  folar  Planets  or  Spots,   but  only  a  vifible  Motion   fo  appearing, 

*  caufed  (in  Kepkr^s  Syftem)  by  the  Sun's  rolling  upon  its  own  Center 

*  in  the  Midft  of  all  the  Orbs,  and  not  exaftly  in  the  Way  of  the  Tern- 
^  porary  Ecliptick,  but  in  the  Fia  regia  (as  Kepler  calls  it)  inclined  cer- 

*  tain  Degrees  to  the  Temporary ;  thereby  turning  about  with  him,  the 

*  fame  Way,  his  adventitious,  or  excrementitious  Parts,  the  Spots,  by 
^  his  magnetical  ox  fympatbetical  Rays.  And  hence  may  be  dcmonftrated 
^  the  Appearance  of  that  annual  Motion  in  the  Sun's  Spots  you  fpeak 

*  of.     Stt  Galil^eusy  Syji.  Cofm.p.  339,  i^feq.     So  alfo  in  Ptolemy*s  and 

*  Tycbo*^  Syftem,  the  fame  Appearance  may  be  dcmonftrated,  fuppofing 

*  the  e  fixed  in  the  Middle  of  the  Univerfe,  and  the  O  rolling  round 
^  upon  the  fame  Poles  of  that  Fia  regia  (or  way  of  the  Spots)  and  keep- 

*  ing  his  Axis  in  Parallelifm  continually  towards  one  and  the  fame  Part 
^  of  the  Univerfe.     This  may  be  certainly  dcmonftrated,  although  Go- 

*  ULeus  there  affirms  the  contrary.  Other  Hypothefes  cJf  that  Motion 
'  may  be  feigned,  as  by  the  annual  Converfion  of  the  Poles  of  the  Via 

*  regia  about  the  Poles  of  the  Ecliptick  in  the  Sun's  Body  :  But  none  I 

*  conceive  fo  compendious,  as  the  one  of  the  former.    For  my  Pare, 

*  I  incline  to  the  firft. 

*  Thus  you  have,  what  for  the  prefent,  I  conceive  of  thefe  MacuU 

*  Solares.     Fromundus  mentions  one  Jo.  Tarde  GalluSy  who  thinks  them 

*  to  be  fecondary  Planets  ;  who  hath  written  a  Book  of  that  Subjeft, 

*  and  calls  them  /fftra  Bothnia :  But  I  could  never  yet  fee  it.     What 

*  yog,  or  he,  or  others  may  alledge  for  that  Opinion,  I  know  not.     In 

*  the  mean  Time  1  cannot  acknowledge  them  Stars,  unlefs  I  fee  at  leaft 
.  *  fome  Poffibility  how  they  may  be  fb,  or  fome  Probability  why  they 

*  fhould  not  rather  be  Spot;s.     Which  when  you,  or  they  ao  produce 

*  from  better  grounded  Reafons,  Optical  Experiments,  or  Dcmonftrar 
f  tions,  I  fhall  willingly  recant  my  Opinion. 

It 
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^  It  IS  true  which  you  fay,  That  I  found  Venuf^  Diaoitter  much  left 
than  any  Theory  extant  made  it.  Kepler  came  neareft,  yet  makes  her 
Diaipeter  five  Times  too  much.  Tycbo^  Lansbergej  and  the  Ancients^ 
about  ID  Times  greater  than  it  was.  So  alfo  they  difier  in  the  Time 
of  the  6  as  far  from  the  Truth.  By  Lansberge  the  6  (hould  hare 
been  16**  3'  before  we  obferved  it :  By  Tycbo  and  Ltmg^moniam  i*  «^ 
25^  before.  By  Kepler  (who  is  ftill  neareft  the  Truth)  9**  401'  before. 
So  that  had  not  our  own  Obfervations,  and  Study,  tau^  us  a  better 
Theory  than  any  of  thefe,  we  had  never  attended  at  that  Time  for 
that  rare  SpeSacle.  You  fhall  have  the  Obfervation  of  it,  when  we 
fee  you.  The  Clouds  deprived  me  of  Part  of  the  Obfervation,  but 
my  Friend  Mr.  Jeremiah  HorroXj  being  near  Prejlon^  obferved  it 
clearly  from  the  Time  of  its  coming  into  the  Sun>  till  the  Sun's  fet- 
ting;  and  both  our  Obfervations  agreed,  both  in  the  Time  and  Dia- 
meter, moft  precifely. 

*  Langsberge  in  Eclipfes,  efpecially  of  the  1>,  comes  often  nearer  the 
Truth  xhzn  Kepler y  yet  it  is  by  packing  together  Errors  1  his  Diame* 
ter  ef  the  G  and  D  being  falfe,  and  his  Variation  of  the  Shadow  be* 
ing  quite  repugnant  to  Geometrical  Demonftration.  His  circular 
Hypothefis  Mr.  Horrox  (before  I  could  perfuade  him)  a0ayed  a  long 
Time  with  indefatigable  Pains  and  Study  to  correct,  and  amend; 
changing  and  turnins  them  every  way  (ftill  amaxed  and  amufed  with 
thofe  lofty  Titles  of  Perpetuity  and  Perfedion,  fo  impudently  im- 
pofed  upon  them)  until  we  found,  by  comparing  Obfervations  in  fe- 
yeral  Places  of  the  Orbs,  that  his  Hypothefes  would  never  agree  widi 
the  Heavens  for  all  Times,  as  he  confidently  boafts  •,  no,  nor  fcarcc 
for  any  one  whole  Year  together,  alter  the  equal  Motion,  Proftha* 
phaereles,  and  Excentricity  howfoever  you  will.  • 

*  Kepler*s  Elliptick  is  undoubtedly  the  Way  which  the  Planets  defcrite 
in  rfieir  Motions :  And  if  you  have  read  his  Commeni.  de  motu  *«,  and 
his  Epit.  Aftron.  Ccpem.  I  doubt  not  you  will  fay  his  Theory  is  the 
moft  rational,  demonftrative,  harmonious,  fimple,  and  natural,  tbst 
is  yet  thought  of,  (or  I  fuppofe  can  be  5)  all  thofe  fuperfluous  Fiftiona 
being  rejedted  by  him,  which  others  are  forced  fo  abfurdly  to  intro- 
duce. And  although  in  fome  Refpeds  his  Tables  be  deficient,  yet  be- 
ing once  corredted  by  due  Obfervations,  they  hold  true  in  the  rdt : 
Which  Lansberge*s  and  all  others  want. 

*  Your  Conceit  of  turning  the  Circle  into  100,000,000  Parts,  were 
an  excellent  one,  if  it  had  been  fet  on  foot,  when  Aftronomy  wis 
firft  invented.  Mr.  Horrox  and  I  have  often  'conferred  about  it.  Btlt 
in  refpeft  that  all  Aftronomy  is  already  in  a  quite  different  Form,  arid 
the  Tedioufnefi  of  reducing  the  Tables  of  Sines,  Tangents,  and  ^ 
other  Things  we  (hould  have  occafion  to  ufe,  into  that  Form  ;  as  alfo 
fomeltiOHiveniences,  which  we  forefaw  would  follow  in  the  compofiiig 
the  Tables  of  Ceicftial  M^ions,  together  with  the  Greatneft  of  die 

♦  Innova- 
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*  InnoTation^  deterred  us  from  the  Conceit.    Only  we  intend  to  ufe 

*  the  Centefmes  or  Millefmes  of  Degrees,  becaufe  of  the  Eafe  in  Caku- 
<  ladon.    I  have  turned  the  Rudolpbine  Tables  into  Degrees  and  Mil* 

*  lefmes,  and  altered  them  into  a  far  more  concife,  ready,  and  eafy 

*  Form,  than  they  are  done  by  Ktpler. 

Forafmuch  as  every  Thing  of  Mr.  Cra^irie^s  is  valuable,  I  have 
taken  this  Occafion  from  my  own  Obfervations  of  the  folar  Spots  (for  j 

die  moft  Part  drawn  up  near  four  Years  ago)  to  pve  Mr.  Crahtrie^s 
Letter  at  large  (which  I  faw  not  till  about  a  Month  ago)  containing  as 
well  fome  Things  of  another  Nature,  as  what  relates  to  the  Spots ;  I  have 
two  other  of  his  Letters  concerning  the  Spots  (with  Mr.  Gafcoigne^s  An- 
fwers.)  One  contains  his  Theory  of  their  Motion  and  Appearances  ; 
die  odier  his  Way  of  obferving  them.  But  bemg  long,  I  iball  omit 
them  for  the  prefent. 

Fig.  115.  Shows  lie  Stages  and  Lines  defcribed  hy  tbeS^ts  Ufon  the  Fig.  115; 
Sun  wSept.  and^wtmh.  1706,  and  inFch.  andM»rch^  ^yoj*  and  in 
Sept.  tf»iNovemb.  1707. 

Fig.  X16.  Simos  the  Stages  and  Lines  defcribed  by  /i&^  Spots  ufon  tbe  Fig.  116. 
Sun  in  Jan.  1 70^^  a^  i»  May,  June,  a?ul  0<5tob.  j  705. 

3a.  On  the  t2tb  of  June  1694,  in  the  Morning,  I  went  to  the  Col- 1^*//'  ^/  ^^ 
Jcge  at  Cambridge^^  about  four  Miles  from  Bofton^  and.  obferved  with  the  , 5^'.^^ j^! 
Brafs  Quadrant  there,  with  Telefeopick  Sights,  the  Rays  of. the  Sun  England,*;  ' 
bein^  tranfmitted  through  one  of  the  faid  Sights^  on  a  clean  Paper,  ilfr.T.Bractle^ 
potted  on  a  plain  Piece  of  Boards  and  faftned  at  right  Angles  at  about  **•  *?^" 
a  Foot  diftance  from  the  faid  Si^ht,  on  which  Paper  I  had  drawn  a  Cir-  ^'  ^  ^^ 
de  between  2  and  3  Inches  Diameter,  equal  to  the  Sun's  Dij(k,  and 
within  that  feveral  Concentric  Circles  dividing  the  Diameter  ^to  24 
equal  Parts,,  wheieby  I  could  obferve  to  i  a  Digit .:  The  Room  in  which 
die  Obfervation  was  made,   was  darkened  with  Blankets,  and  in  order- 
to  render  the  Obfervation  more  exad  (Mr.  Henry  Kewman  .zff\^v^%  me 
all  the  while)  I  took  the  Altitude  of  vtbe  Sun  with  ibe.foreiaid  Qi(adrant» 
as  foUoweth. 

Obfervations  made  of  the  Sun^s  Altitude  before  the  Eclipfe  began,  in 
cider  to  rtdify  Ae  Wateh. 

By  the  Watch.  Comp.  Altit.        Time  by  Calcul.  DifFef- 

/       // 


■\ 


31     27  V  Mane  48 
gS    26J 


TkeEclipfe.  was  fitft  perceived  .at  q^  %^  by  .the  Watch,  at  \which. 
^€  the  Sua. had  fcaxvely  boeajecfiptod  i. Minute  io  th^ 

By 


24^ 
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By  the  Watch. 


True  Time. 


h 

9 
9 
9 
9 


24  - 
32  - 
48- 
57i- 


At< 


10  06 

10  15  - 

10  33  - 

10  43  - 

10  47  - 

10  53  - 

10  59  - 

11  03  - 
II  06  - 
II  09  - 
II  lOr- 
II  14*- 
II  25  - 


1 1 
II 
II 
II 
II 
o 

O 

o 
o 
o 
o 


29  - 

344- 

44- 
48- 

524- 
027 

IV. 

32  - 

41  - 
48- 


P.M. — 


h 

9 

9 

9 

9 

9 
10 

10 

10 

10 

10 

10 

10 

10 

10 

II 

II 

II 


II 

II 

II 

II 

II 

II 

o 

o 

o 

o 

o 


14 

22 
38 

56 
05 
23 

33 
37 
43 
49 
53 
56 
59 


It  began 

about  I  digit  ecUpled 

fiili  3  di^ts 

about  4 

near  5 

full  6 

about  8 

full  9 

full  94 

full  10 

about iOt 

better  than  io4- 

much  the  fame 
^^    rather  decreafing 
cot  fenfibly  decreafed  near  i  of  a  digpc 
044  neareft  to  10  digits 
15    full  9  digits,   i.  e.    full  3  di^ 
reftored,  or  the  Shadow  rather 
within  9  digits 

8t  coropleat 

full  8  digits 

full; 

fuU  6  4  digits 
.  juft  6 
32t  jufl  5 
03    P.  M.  full  4 

fiiU  24 

better  than  2 

better  than  i 

ended. 


19 

24t 

34 
38 

42t 


16 

22 

31 

38 


Obfervations  made  after  the  Edipfc  was  done,  of  the  Sun's  Aldtudci 
in  order  to  reftify  the  Watch. 


At 


Time  by  the  Watch  Comp.  Altit. 

h     '  " 

3    31  30  V—  45  5* 

36    15  f 46  23 

38  io>P.M.  46  45 

46    5o\ 48  19 

48  10  V—  48  30 


True  time.     IX&x* 


Hence 
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^  Hence  it  appears,  that  the  Watch  went  about  lO  ^fiautes  too  faft 
during  the  whole  Edipfe,  as  we  have  all  the  Way  allowed. 

So  that  the  Edipfe 

k     ' 
Began  at  9     14  Mane.  ^ 

Ended  o     38  P.  M. 

Lafting  in  all     3     24.  .    : 

NoUy  That  in  the  Calculation,  the  Latitude  of  Bojlon  was  allowed  to 

be  42  .,25^. 

XII.  At  half  an  Hour  paft  Eight  in  theMoming,  I  fet  myQock  Seliffi  9/0,$ 
cxaftly  by  my  Ring-Dial^  and  at  half  an  Hour  paft  Nine  ttey  nicely  Sim,Mv  23, 

agreed,  at  i!^?'5^ 

^  *^  •  England^  Im 

h  ihifuD/t^iHiU 

10    GO  The  Sun  was  not  touch  d.  '  P*  *6|4* 

06  The  Moon  enterM  on  the  S.  S.  W.  Point  as  near  as  I  could 

judge. 
15  TheEdipfe  was  confiderably  advanced. 
20  Seem*d  to  be  about  half  a  Digit  eclipfed,  rathcrmorc  than  left, 
and  the  Se£Hon  to  be  a  fmall  Matter  more  Wcftwardly. 
to    25  Much  the  ^inie^  and  near  the  fame  Point. 
30  Scem*d  to  be  lefs. 
33iThe  Middle  of  the  Scaiori  nearer  the  S.  W.  and  the  JDiamc^  ; 

ter  of  the  Seftion  lefs  every  way.  , 

37-l-Much  lefs  and  hearer  the  Weft. 

444^It  ended,  and  was  juft  over,  going  off  near  the  S.  W.  to  that 
all  the  while  it  was  within  a  roint  or  two  of  the  Place  where 
it  firft  came  on,  or  between  the  S.  S.  W.  and  the  S.  W. 

1  judged,  when  it  was  at  the  Height,  that  the  Chord  of  ^hejeclipfed 
iPart  was  neareft  equal  to  the  Side  of  an  infcrib'd  ,I)ecagon,  or  fub^ 
tended  about  tV  of  the  Periphery  of  the  Sun's  Disk. 

I  obferv'd  this  Eclipfe  with  a  Telcfcopc  of  one  Joint,  jl  Foot  and  a  \ 
half  in  Length,  and  had  only  two  Glafles,  fo  that  it  inverted  the  Qbged  i  \ 
and  I  had  a  red  Glafs,  which  fuited  it,  fo  that  T  could  fcrew  ii  in  juft  \ 
before  the  Eye-Glafs,  and  was  not  fain  to  hold  it  in  my  Hand,  as  .when  • 
I  oWervM  the  Sun's  Altitude  with  the  Brafs  Quadrant,  which  was  > 
great  Convenience.  ... 

Xm.  t.]  The  Momii^  was  cloudy  arid  moift,  till  about  Eight  a  ^Hff*  '•/  thi 
Clock,  when  the  Clouds  began  to  break,  and  we  had  fbmetimes  a  i«».  M«y  -\* 
S^t  oC  the  Sun  thro*  the  Spaces  betwixt  them.    A;  feven-foot  t'ele-  S^iwnS* 
KMK  was  fitted  up  with  a  Scene  to  receive  the  Species  of  the  Sun  A  Mr.  Fl4n- 
taft  diroujdi  it)  and  on  wludi  k  was  about  feven  Inches  Dlaftieter,  r^»  »•  3<3^< 

Vol.  IV.    .         ■  K  k  '       divided- »■  "37- 
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divkku  into  fMj^ts  b^  fix  coocentiick  ddes,  IBiit  Clouds  covub^' 
the  Sun  ficquendy  rendred  this  way  of  ebfcnring  iaconvtaicnt.  nd 
therefore  laying  afide  the  Apparatus  of  the  Sccpe,  I  Tiewed  him  thtoag^ 
the  Telefo^  with  linoaked  GLhB^  to  bfc  my  Eyes,  and  noted: 

Correft  Time 
by  die  Pend.  Clock. 
I  h 


28 


:l 


21 
26 


30 ! A  very  fmal]  IVt  of  the  O  Diameter  was  cclipied. 

cx>  The  Chord  of  the  Afch  of  the  o  Pcripheiy  eclipfcd 
was  14^  40^^  then  followed  frequent  Clouds  throagh 
the  Spaces  betwiict  \  then  fome  Zenith  Diftances  of 
the  Sun  were  taken  for  correding  the  Clocks  and  af- 
terwards near  the  Middle  of  the  Eclipfe 

46  The  Parts  of  the  Diametec  remaining  clear  5    00 

4    3^ 


20 


I'O     31     50 
K>    53    50 


Frequent  large  Clouds  ag^n,  till  the  Sun.  appeared 
through,  the  Breaks,  arid  we  law  the  Eclipfe  wa» 
not  ended.  Clouds  agsun  till 

When  the  Sun  (hone  out  again,,  we  faw  his  Limb  indrC) 
And  the  Eclipfe  certainly  over. 


—  «#  Gmtov  2.]  Mr.  S.  Graf,  had  prepared  a  Scene  placed  behind  his  feren  Foot 
bwy.  hfM\  Glafs,.  fy  that  the  Spedcs  of  the  Sun  proje(aed  on  it  was  feven  Inches 
«•  G»y,  iiU  ^jyCT ;  but  having  the  fame  Sort  of  Weather  that  was  at  Greenwich^  he 

faw  not  the  Beginning,  by  reafon  o£  Clouds,  but  other  Phafes^  with  die 

End  he  noc^d^.  as  follows. 

Correft  Time 
by  the  Pend.  Clock* 
ii 


I 


:l 


ro 


5 
o* 

3^ 


$5 
57 

02 
04 

H 

00 

30. 


digits  fi  darkned 

7 

p»        to  or  more 

The  Sun  flunir^  for  a  IhortTune„dic  Ec%fe  feeing 


Co  decreafe. 

-TaCttJc  clearer. 


—  6 


10 


m 


Si 

+ 

I 
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The  Eikd  aecuniely  with  »Tu^  of  16  Foot. 


alMfe 
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3;]  Mr.  Mr.  Sharp  caft  the  Species  oT  die  Sim  «D  a  Sceiief>btte,-*^.U_^ 
tehind  his  feven  Foot  Gla(s»  fo  as  it  ajj^peared  fevca  Indhes  over.  By /'^JrfjL^ 
ttafon  of  doudy  Weather,  he  faw  neither  the  Beginning  nw  )^ :  But  Z  j^a!^* 
^ther  Phafes  near  the  Middle^  as  follows.  Shuf,  itrd. 


"Time  correft  by  the 
8 


8  35    00  digitsdark   3  ] fcy Qcttte Eftlto*tion. 

9  oi    CO  ■-"  *  '*^ —  7   ^ 
4    54  •— — —  8  -re-  Eclipfed  on  ihc  Scene, 


6    33        ■     -^  ■  ^ '  8  T 


7    5S 8 

12    50        ■  9 

16    08 ■  9  _ 

i8    ^,8      ■     »" — ^  9  x  cXaftly  the  O  fhiniAg out  clear. 

£0    ^^  •-.-^--i.— ^  9  4  the  0  ftill  (hining  clearly.      Gfrcateft 

Dbfcurity. 
21     48  ■■'■>"    ■■        9  i  ftill  clear. 
28    46  - — ■  ■     ■        9 

44  45 **^7 

54  42 ^ 5  T 

to    00  10  -— - — '        3  4- 

^9  55  '  ^  I  precifely. 

24  00    The  O  feen  thro'  Clouds^  the  Hclipfe  n6t  ended* 

30  00    The  O  feen  again  perfe&iy  round  and  intire. 

4.]  Captain  ttaHnfdn^  from  Bern  in  Sii^Uzerlandi  writes  *  That  thi^  «.  4^  Bern  im 
^  Sun  Was  totally  darkned  there  for  4  4  Minutes  of  Time ;  that  a  fixed  Switzerliuid^ 

*  Star  and  a  Planet  appeared  Vety  bright ;  and  that  bis  gitti^g  vut  ofh  ^^?»- 
^  theEctipfe  ^ds  preceded  hy  a  Blood-red  Streak  of  Ugbt^  from  its  Left  ^^^^^^^ 

^  Limb  \  which  continued  not  longer  than  6  ofT  y  Seeonds  of  ^ime ;  then 
^  Part  of  the  Sun*s  Disk  appear'd^  ^1  on  a  Sudden^  wight  as  Vetms 
^  was  tVer  feen  in  the  Night ;  nay,  brighter  \  and  in  that  yery  Inftant 
^  gave  a  Light  and  Shadow  to  things^  as  ftrong  as  Mooti*li^  ufes 

*  to  do. 

The  Captain  is  the  firft  Man  t  et^d*  heaf  d  df,  that  took  Notice  of  ^ 
red  Streak  of  Light  preceding  the  Emerfion  of  the  Sun's  Body  from 
a  total  Eclipfe:  And  I  take  Notite  of  it,  becaufe  it  infers  that  tbi 
Mom  has  an  JtmoAhere  i  and  its  fhoTt  Continuance  of  oaiy  6  or  7  Se- 
conds of  Ti<n^9.  ^^11  ^^  ^^  i^  Height  is  not  moro  than  the  ^  or  6  Hm^ 
drodtb  Part  ef  ktt  Diameter. 
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r^^Gai^n,  J.]  A  Kttlc  after  Ac  Sun's  rifing,  the  Sky  did  fccm  clear ;  tho*  the 
y^i^'  Air  was  thick  already  with  fomc  Vapours.  Many  little  Qouds  did 
jfei^  "^'afterwards  arifc  here  and  there,  and  the  Vapours  did  much  incrcafc. 
For  want  of  a  Pendulum  Clock,  in  a  convenient  Place,  the  Moment 
of  the  Mai  Immerlion,  the  Moment  of  the  frft  £mer(ion»  and  that  of 
the  End  of  the  Eclipfe,  could  not  be  accurately  dbferved.  Tho*  the 
Sky  was  fomewhat  ovcrcaft,  the  Heat  of  the  Sun  was  already  fek, 
when  the  Eclipfe  did  begin :  But  a  very  fcnfible  Coklnefs  took  Place, 
as  the  Moon  did  by  degrees  cover  a  greater  and  greater  Part  of  the 
Sun,  and  the  Light  decreafe.  The  Eclipfe  was  obferved  only  with 
fomc  Glafles,  either  darkned  with  Smoak,  or  but  little  tranfparent  i 
and  by  receiving  the  Sun's  Image  through  a  fix  Foot  Tekfcopc, 
which  reprefented  the  Objefts  inverted,  upon  a  white  Paper,  placed 
at  fome  Diftance,  from  the  Eyc-Glafs.  When  the  Sun  was  near  being 
totally  dark,  the  bright  Crefcent,  which  did  remain,  was  fecn  to  di- 
minim  more  and  more,  upon  the  Paper,  where  its'  Im%e  was  recei- 
ved. And  when  that  Crefcent  was  reduced  to  a  very  narrow  Breadth^ 
and  to  a  very  litde  Length,  it  was  feen  on  a  Sudden  to  difappear  r  And 
in  that  Moment  the  whole  Sun  was  eclipfed.  At  the  fame  Inftant  of 
Tim^,  the  Darknefs,  which  was  already  very  confiderable,  did  be- 
come much  greater.  The  Clouds  did  change  on  la  Sudden  their  Co- 
lour, and  became  red,  and  then  a  pale  Violet.  There  was  feen,  dui^ 
ing  the  whole  Time  of.  the  total  Immerfion,  a  Whitenefs,  which  did 
fecm  to  break  out,  from  behind  the  Moon,  and  to  encompafs  it  on 
all  Sides  equally.  The  fame  Whitenefs  was  but  little  determined,  in 
its  outward  Side,  and .  was  not  broad  the  twelfth  Part  of  the  Diame- 
ter of  the  Moon.  This  Planet  did  appear  very  black,  and  her  Disk 
very  well  'defined,  within  the  Whitenefs,  which  enconjpaflTed  it  about, 
V  and  whofe  Colour  was  the  fame  with  that  of  a  white  Crown,  otHalo^ 

of  d^out  four  or  five  Degrees  in  Diameter,  which  accompanied  it, 
and  had  the  Moon  for  its  Center.  The  Star  of  Venus  was  feen,  at  the 
"lame  Time,  at  fome  Diftance,  without  that  Crown,  between  the  Eaft 
and  N.  E.  in  reference  to  the  Sun.  The  Planets  of  Saturn  and  Mercury 
were  feen  alfo  by  many,  Eaftward  from  the  Sun*s  Place.  And  if  the 
Sky  had  been  clear,  many  more  Stars  might  have  been  feen,  and  with 
them  the, Planets  of  Jupiter  andJV4?rj;  that  towards  the  Eaft,  and 
this  towards  the  Weft  :  And  fo  the  feven  Planets  might  have  been 
feen,  almoft  all  at  once.  Accordingly  fome  Gentlewomen  being  in  the 
Country,  did  tell,  as  it  is  faid,  more  than  fixteen  Stars.  And  many 
People,  which  were  on  the  Neighbourbg  Mount^ns,  did  fee  the  Sky 
ftarry,  in  fome  Places,  where  it  was  not  overcaft,  as  during  tte 
Night,  in  the  Tinie  of  die  full  Moon.  The  total  Emerfion  did  begin 
about  three  Quarters  paft  Nine.  The  Duration  of  the  total  Dark- 
nefs was  precifely  three  Minutes,  or  i8o  Seconds,  to  the  Moment  that 
the  fiirft  Ray  of  the  Sun  did  begin  to  appear  agaioi  with  much 

Brightncfs. 
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Aightnefs.  And  this  Time  was  obferved,  with  a  fimple  Pendulum ; 
which  was  afterwards  compared  with  a  Pendulum  Clock,  (hewing  the 
Seconds,  and  regulated  upon  the  mean  Motion  of  the  Sun.  A  little 
after  the  Sun  had  begun  to  appear  again,  die  Whitenefs  and  the  Crown, 
which  did  encompais  the  Moon,  did  entirely  vanifli.  The  Sun  did 
then  (hew  itfclf  more  and  more  ;  appearing  at  firft  as  a  little  Crefcent, 
which  did  ftill  encreafe  ;  and  whole  concave  Side  did  leem  terminated^ 
as  by  an  Arch  dcfcribed  with  the  Compafs.  A  little  before  the  total 
Obfcuration,  the  Country,  on  the  Weft-fide,  did  already  feem  over- 
caft  with  Darknefs  ;  and  after  the  total  Obfcuration,  the  Darknefs  was 
feen  to  leave  us  more  and  more,  and  to  fly  Eaftward.  According  to 
Mr.  Profeflbr  Gautier^s  Obfervations,  from  the  firft  Efnerfion  of  the  Sun, 
to  the  End  of  the  Eclipfe,  there  was  i^  o^  30'^  As  to  the  accurate 
Times  they  are  uncertain,  the  Pendulum  Clock  having  been  fct  only  by 
a  fmall  Sun-Dial.  I  fend  you  aHb  the  following  Account^  which  the 
fame  Gentleman  did  communicate  to  me. 


25^ 


6.] 


*  At  Marfeilks  the  Eclipfe  did  begin  at 

It  did  reach  the  Sun's  Center  at  

It  was  total  at  — 


The  Sun  did  begin  to  appear  again  at  ■    

The  Eclipfe  did  come  again  to  the  Center  at   -— 
It  did  entirely  end  at 


h 

/ 

8 

29 

9 

6 

9 

34. 

9 

37 

to- 

Ti 

10 

47 

*  Three  Stars  were  diftinftly  feen  •,  and  during  three  Minutes  it  was 

•  not  poffible  to  read.     And  there  did  remain  one  bright  Digit,  all 

*  about  the  Globe  of  the  Moon. 

The  Manor-Houfe  of  Duillkr  is  in  the  Latitude  of  46?  24^  Ih 
Longitude  it  is  4**  1 3^  45^^  to  the  Eaftward  of  the  Rcyal  Oifervatory 
at  Paris.  And  St.  Peter* s  Church  at  Geneva  is,  in  Latitude,  o^  12^  to 
the  Southward,  and  in  Longitude,  a"*  5^  i'^  to  the  Wcftward  of  Z)«- 
ilUer, 

Before  I  make  an  End,  I  muft  take  Notice,  that,  according  to  thefc 
Obfervations,  the  Altitude  of  the  Mpon's  Atmofphere  cannot  well  be 
fuppofed  lefs  than  of  1 30  Miles  in  perpendicular  Height  :  Of  which 
M3es  60  go  to  one  Degree  of  Earth.  Neither  could  that  Atmofphere 
be  difcovered  before  the  Time  of  this  Eclipfe,  by  any  Refraftion  of 
the  Stars  ;  probably  becaufe  of  this  Refraftion's  Smallnefs,  and  for 
Want  of  proper  Obfervations.  And  though  it  was  very  plain*  that  the 
Atmofphere  of  the  Moon  muft  needs  Ihew  itfelf  in  the  Time  of  a  total 
Ecfipfe  of  the  Sun  ;  yet  I  do  not  know  that  any  Body  did  think  of 
this,  till,  in  the  kft  Month  of  Majy  many  Feruxis  did  actually  fee 
it. 


it 
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^  .Some  particular  Obiervations,  which  are  iniended  *to^  made  ffijih 
liclc,  do  evince  that  our  Atmoipbere  is  fbmetimes  vifiUe,  all  alongi 
from  the  Surface  of  the  Earth  to  the  perpendicular  Height  ofoneSe- 
midiameter  of  the  Terreftriai  Olobe..  And  the  continued  Appearance 
of  a  Crown*  of  only  four  or  five  begrees  Diameter,  about  ule.Sun, 
during  the  whole  Time  of  the  total  Obfcuration,  does  ihew,  that  the 
Ethereal  Matter,  in  which  that  Crown  was  produced,  mult  be  at  a 
very  great  Height  above  the  Surface  of  the  Earth,  But  if  that  Crowa 
was  to  be  feeiv  fo  far  as  the  Weather  did  permit,  in  all  the  Places 
where  the  iBclipfe  was  total,  it  muft  be  concluded,  that  the  Caufe  ot 
it  was  not  in  our  Air,  but  in  /ome  Vapours  encompaillng  the  Sun: 
And  probably^  in  thofe  very  Vapours,  which  produce  that  pointed 
luight)  that  has  been  obfervcd  lying  in  a  Manner  along  the  Eclipcicki 
and  that  has  the  Sun  for  Center.  Now  either  of  thefe  Conciufions^ 
viz.  concernmg  the  great  Height  of  the  I^arts  of  our  Atmofphere,  ca- 
pable of  producing  that  Crown,  or  elfe  concerning  a  Meteor  obferved, 
not  in  t)ur  Air,  but  in  the  Vapours  that  encompaft  the  Sun,  is  very  fifi- 
gular,  and  deferves  a  great  deal  of  Attention.  If  ever  fuch  another 
Appearance  fhould  be  feen,  in  the  Time  of  a  total  Ectipfei  \c  would  be 
piroper  to  obferve  accurately  the  ieaft  Diameter  of  the  Crown*  from 
Infide  to  Ifffide :  And  to  take  Notice,  whether,  during  the  whcie  Time 
of  the  total  Immerfion,  the  inward  Circle  be  every  where  continued, 
And  of  an  uniform  Figure.  The  lefs  the  faid  Diameter,  and  the  ^reat^ 
er  the  Excefs  of  the  Moon's  apparent  Diameter  above  that  of  the  Sun  \ 
as  alfo  the  greater  the  apparent  Altitude  of  the  Sun  is  above  the  Ho^ 
rizon,  the  higher  the  Caufe,  which  produces  the  Crown,  muft  be  above 
the  Surface  of  the  Earth.  And  the  Pofition  upon  the  Moon's  Disk, 
in  Reference  to  the  Zenith,  of  the  Points  of  Cfontaft,  where  the  Sun 
difappears,  or  begin§  to  ihew  itfelf  again,  is  here  alfo  of  £mie  Con* 
fiden»cion« 

m^4t  ZwAtk,  7.]  We  have  had  here,  M^  tz.  both  a  total  and  Annular  Eclipfe  ci 
^P^'l'  J"  Ac  Sun  ;  total,  becaufe  the  whole  Sun  was  coverM  by  the  Moon  ;  An- 
Schcochzcr.  uular,  though  not  properly  fo  called,  but  byRefradKon,  for  a  ruddy 
Brightnefs  appe^'d  aix)ut  the  Moon,  arifmg  from  the  Rays  refraded  tqr 
the  Moon's  Atmofphere. 
Fig.  1 19.  The  Beginning  of  the  Edipfe  was  in  the  Morning         8\     54^ 

The  Middle        9.     58^    - 
The  End  11.     12'.    • 

The  Mora  of  the  mean  and  foil  Obfcuration  4^ 

Both  the  fyct  Stars  and  Planets  might  be  feen.  The  Birds  bt%Qpk 
chemfelves  to  their  Nefts.  The  Bats  came  out  of  their  Holes,  wsA^xt 
Fifties  fwam  upcm  die  Wafer.  We  ourfelves  perceived  a  fcnfiUe  De- 
gree of  Cold,  and  the  Dew  fell  down  upon  the  Plants. 

XlV.The 


Ediffes  nf  ^  Stm,  ^^^ 


I 


'      Add  Tune.    XiV;  'The  Beghining  of  cho  Edipfe  we  could  not  fee  StUffitfthi 

^^         ^      forCiouds.  *"'/<i«vf- 

\jo%.  tu  Up- 

^       y/  ^  miniler,  hy 

44     15    The  Sun  peeped  out  of  the  Clouds,  and  I  judged,  by  my  ^fr.  Dcrham, 
Eye,  that  about  one  Tenth  of  a  Digit  was  eclipfcd.       "•  3*o-P-3»*' 
Then  Clouds  nearly  all  the  Time  oTthe  Ecliple.    But 

at 
A  little  Obfcuration  appeared  through  the  Telcfcope. 
A  vtty  little  Obfcuration  through  the  Tclelcopc* 
Then  Clouds.     And  at 

We  could  difcem  no  Remains  of  the  Eclipfc  through  the 
Tclefcope. 

From  thcfe  Obfervations  I  imagine  the  End  of  this  Solar  ^clipfe  was 
much  about  8  h.  33'  in  the  Morning. 

XV.  r.  Though  it  be  certain  from  the  the  Principles  of  Aftrenoniy,.Oi/'f»«"'«» 
tiuit  there,  happens  nece0arily  a  Central  Eclipfe  of  the  ^\xn^  ia  fomc^rjp^'^^ 
Part  or  other  of  the  Terraqueous  Globe,  about  twenty-eight  Times  v^^^x^A^u^^, 
each  Period  of  eighteen  Years ;  and  that  of  thefe,  no  lefs  than  Eight  i7i5,flfLon. 
.  do  pafs  ovtr  the  Parallel  of  London^  three  of  which  eight  are  ^P^R^^jfe.^'^' 
with  Continuance  :  Yet,  from  the  great  Variety  of  the  Elements,  whetc-    ' ,  pjlc!^ 
of  the  Calculus  of  Eclipfes  confifl:s,it  has  fo  happened,,  that  fince  the 
20th  of  Marcby  Jnno  Cbrijli  1 140,  I  cannot  find  that  there  has  been 
a  total  Eclipf(?  of  the  Sun  feen  at  London^  though,  in  the  mean  Time 
the  Shade  of  the  Moon  has  often  paft  over  ocheE  Parta  of  Great  Bri- 
tain. 

Having  found,  by  comparing  what  had  been  formerly  obfcrved  ^of 
Solar  Edipfes,  that  the  whole  Shadow  would  fall  upon  England^  I 
bought  it  a  very  proper  Opportunity  to  get  the  Dimenfions  of  the  Shade 
afcertained  by  Obfcrvation  ;  and  accordingly  I  cay  fed  a  fmall  Map  of 
England^  defcribing  the  Track  and  Bounds  thereof,  to  be  difperfed  all 
•vcr  the  Kingdom,  with  a  Requeft  to  the  Curious  to  obferve  what  they 
could  about  it,  but  more  efpecjally  to  note  the  Time  of  Continuance  of 
total  Darknefs,  as  requiring  no  other  Inftrument  than  a  Pendulum  Clock:,. 
aad  as  being  determinable  with  die  utmoft  E»|dnefs,  by  reafon  of  th« 
nomentanous  Occultation  and  Emeidion  of  the  luminous  Edge  of  thie^ 
Sun,  whole  leaft  Part  makes  Day.  Nor  did  this  f^l  of  the  defircd  Ef- 
fcdk,  for  the  Heavens  having  proved  generally  fa^vourable^  we  have  re- 
ceived from  fo  many  Plaee3  10  good  Accounts,  that  they  fully  anfwcj? 
nH  our  Expeftations,  and  are  fu$cient  to  eftablifh  fevcral  of  xbp  Ele- 
ments of  the  C^kuhs  of  EcHpfes,  fo  as  fQr  tjie  Future  we  oiay  mpiie 
leeunely  rely  on  our  Predictions  :  Though  it  omft  be  gramcdr  that  in 
this  cw  Al^oomy  }>as  kjft  no-Cxtdk. 
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Having  received  the  Orders  of  the  Society  to  provide  for  the  Obitf* 
vation  to  be  made  at  their  Hbufe  in  CrMC-Qmrt^  I  procured  a  ^aJrant 
of  near  30  Inches  Radius^  exceedingly  well  fixt  iROth  Tclcfcopc  Sigjhts, 
and  moved  with  Screws,  fo  as  to  follow  the  Sun  with  great  Nicety  ^  as 
alfo  a  very  good  Pendulum  Clock  well  adjufted  to  the  mean  Time,  and 
fcveral  Telcfcopes  to  accommodate  the  other  Obfervers. 

In  order  to  examine  both  Clock  and  Quadrant,  I,  on  the  20th  ofyfyril^ 
obferved  the  Diftance  of  the  upper  Limb  of  the  Sun  from  the  Zenith  36^ 
16'!,  and  the  next  Day  35^.  58^  ;  by  which  it  appeared,  that  the  Di- 
ftances  from  the  Zenith^  taken  by  this  Quadrant,  ought  to  be  increaied 
by  about  one  Minute  :  And  that  Allowance  being  made,  by  many  Ob- 
fervations  taken  before  and  after  Noon  on  the  faid  21ft  Day,  the  Clock 
was  found  to  anfwer  the  apparent  Time  or  Hour  of  the  Sun  with  iliffi- 
cient  Exaftneis,  as  not  going  above  ro''^  too  faft.  The  next  Day,  /fyril 
2o%  juft  before  the  Eclipfe  began,  we  took  the  Diftances  of  die  &]ii, 
from  the  Zenith,  viz.  at  7**.  42^  52^^  A.  M.  the  corfeft  Diftance  of  the 
Sun's  Center  a  vertice  was  62^.  i'.  40^^  at  7**.  45^  48^'.  it  was  61^.  34^. 
40^^  And  again  at  7^.  48^  55'^  it  was  6i^-  6^  40^^:  Which,  with  the 
given  Declination  of  the  Sun  and  Latitude  of  the  Place,  fhew  the  true 
Times  refpedlively  to  have  been  7^  42^  38^^  y^.  45^  35^^.  and  7^.  48^ 
39^^  \  all  agreeing,  that  the  Clock  was  only  r4  Seconds  too  faft,  and  had 
gained  fcarce  any  Thing  fenfible  in  a  Day's  Time  :  So  that  it  might  be 
entirely  depended  upou  during  the  Continuance  of  the  Eclipfe. 
'  Having  computed  that  the  Eclipfe  would  begin  at  8*".  7^  I  attended 
foon  after  Eight,  with  a  very  good  Telefcope  of  about  fix  Foot,  with- 
out ftirring  my  Eye  from  that  Part  of  the  Sun  whereat  the  Eclipfe  was 
to  begin:  And  at  8**.  6^.  20''^.  by  the  Clock,  I  began  to  perceive  a  fmall 
Depreflion  made  in  the  Sun's  Weftern  Limb,  which  immediately  became 
more  confpicuous  ;  fo  that  I  concluded  the  juft  Beginning  not  to  have 
been  above  five  Seconds  before,  that  is,  exaftly  at  8\  6 .  oo^'*  correft 
Time. 

From  this  Time  the  Eclipfe  advanced,  and  by  Nine  of  the  Clock  was 
about  ten  Digits,  when  the  Face  and  Colour  of  the  Sky  began  to  be 
changed  from  perfeft  fcrene  azure  Blue,  to  a  more  dusky  livid  Colour, 
having  an  Eye  of  Purple  intermixt,  and  grew  darker  and  darker  till  th? 
total  Immerfion,  which  happened  at  9**.  9^  1 7^'  by  the  Clock,  or  9^.  9^ 
3^^  true  Time.  This  Moment  was  determinable  with  great  Nicety,  the 
Sun's  Light  being  extinguifli'd  at  once  •,  and  yet  more  fo  was  that  oif 
the  Emerfion,  for  the  Sun  came  out  in  an  Inftant  with  fo  ihuch  Splenr 
dor,  that  it  furprized  the  Beholders,  and  in  a  Moment  reftored  the 
Day,  viz.  at  9**.  12^  26^^  true  Time,  after  he  had  been  totally  ohfcuR^ 
for  3^  2/^  of  Time.  Ajid  as  near  as  I  could  eftimate  the  Points  on  the 
Moon's  Limb,  where  the  laft  Particle  of  the  Sun  v^ifked  was  about 
the  Middle  of  the  South  Eaft  Quadrat  of  her  Limb,  or  about  4^ 
Degrees  from  her  Nadir  to  the  Lett-liand  :  And  thd  firft  Emerfion  was 
about  .ten  Degrees  below  the  Horizontal  Line  through  the  Moon's 
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Cdtfer  dn  die  Weft-lide  and  at  14  Minutes  p^  Nine,  correfib  Time, 
I  judg^  the  Horm  of  the  Eclipfe  to  have  been  exaftl^  perpendkulafi 
and  by  Coniojuence,  the  Centers  of  the  Sun  and  Moon  to  be  in  equal 
Aldtude. 

It  was  umverfalfy  obferved,  that  when  the  laft  Part  of  the  Sun  remain- 
ed on  his  Eaft-fide,  it  grew  very  faint,  and  was  eafily  fupportable  to 
the  naked  Eye,  even  mrough  the  Telefcope,  for  above  a  Minute  of 
Time  before  the  total  Darkness  whereas  on  the  contrary,  my  Eye 
could  not  endure,  the  Splendour  of  the  emerging  Beams  in  the  Telefcope 
from  the  firft  MomenL  To  this  perhaps  two  Caufes  concurred ;  the 
one»  that  the  Pupil  of  the  Eye  did  necelTarily  dilate  itfelf  during  the 
Darknefs,  which  before  had  been  much  contrafted  by  looking  on  the 
SxoL  The  othcr^  that  the  Eaftem  Parts  of  the  Moon,  having  been 
heated  with  a  Day  near  as  long  as  thirty  of  ours,  mu(t  of  Neceflity 
have  that  Part  ot  its  Atmofphere  replete  with  Vapours,  raifed  by  the 
fo  long  cofidnued  Action  of  the  Sun ;  and  by  confequence,  it  was  more 
denfenear  the  Moon's  Surface,  and  more  capable  of  obftru^ng  the 
Luftre  of  the  Sun's  Beams*  Whereas  at  the  fame  Time  the  Weftem 
Edge  qf  the  Moon  had  fufiered  as  long  a  Night,  during  which^  there 
might  &U  in  Dews  *aU  the  Vapours  that  were  raifed  in  the  preceding 
long  Day ;  and  for  that  reafon,  that  Part  of  its  Atmofphere  might  he 
ieen  much  tnofc  pure  and  tranfparent. 

About  two  Minutes  before  the  total  Immerfion,  the  remaining  Part 
of  dbe  Sun  was  reduced  to  a  very  fine  Horn,  whofe  Extremities  feemed 
to  lofe  their  Acutenefs,  and  to  become  round  like  Stars.  And  for  the 
Sp^e  of  about  a  Quarter  of  a  Minute^  a  fmall  Piece  of  the.Southem 
Horn  of  the  Eclipfe  feemed  to  be  cut  oflF  from  the  reft  by  a  good  In- 
terval, and  appeared  like  an  oblong  Star  rounded  at  both  Ends,  in  this 
Form  CZIZZD  •  Which  Appearance  could  proceed  from  no  other 
Caufe,  but  the  Inequalities  of  the  Moon's  Surface,  there  beii%  fome 
elevated  Parts  thereof,  near  the  Moon's  Southern  Pole,  by  whofe  Inter- 
pofition.  Part  of  that  exceedingly  fine  Filament  of  Li^t  was  inter* 
cq>ied. 

A  few  Seconds  before  the  Sun  was  totally  hid,  there  difcovered  itfelf 
round  the  Moon  a  luminous  Ring,  about  aDi^t  or  perhaps  a  tenth, 
Part  of  the  Moon's  Diameter  in  Breadth.  It  was  of  a  pale  Whitcnefe, 
or  rather  Pearl  Colour,  feeming  to  me  a  little  tinged  with  the  Colours, 
of  the  Irisj  and  to  be  concentrick  with  the  Moon ;  whence  I  conclude 
it  the  Moon's  Atmofphere.  But  the  great  Height  of  it,  far  exceeding 
that  of  our  Earth's  Atmofphere.;  and  the  Ob£rvations  of  fome  who 
found  the  Breadth  of  the  Ring  to  increafe  on  the  Weft-fide  of  the 
Moon,  as  the  Emerfion  approached  ;  together  with  the  contrary  Scn^ 
timents  of  thofe,  whofe  Judgment  I  fhall  always  revere,  makes  me 
kfs  confident,  efpecially  in  a  Matter  whereto  I  gave  not  all  die  At* 
tention  requifite.  ,    . 

Vol.  IV.  Li  What 
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"Vi^^nser'it  ^f^^  diis  Ring  dppetred  ilmth  bil^iHdr  aA 
the  Body  of  tbe  Moon,  t^ffl  at  a  Diftance  ftbiA'  ir-v^faid  its 
CittttnlKfehc^,  iirhich  was  iil  dd[iii0d,  fteiMd  tei«i^»t«i  oilf  tar  tfaa 
extreme  Rarity  of  the  Matter  it  was  compofed  of;  and  in  all  RemBs 
refembled  th&  Af^e^ance  of  an  enlig^ad  Atmdlp^efe  ?tew«d  flNura 
far:  Bat  whether  it  belonged  to  cht  San 'oir Mooii»  i  ihiil  not  aC  fuse- 
felt  ttrtdettake  to  decide. 

Dittifig  the  whole  Time  of  eke  tocal  EcM^e^  I 'kept  my  lUefeopt 
tbnftantiy  iixt  on  the  Moon,  tn  ofdtt-  to  obfert^  tidhac  mii^  occur  n 
this  uncommon  Appearance,  and  I  &^  ^pedffi' Hifhes  or  Corudba^ 
tiofnsof  light,  which  feemed  for  aMomem  .todott^dutfrombela^ 
th^  Moon,  now  here,  now  there,  on  all  Sidc^  btft  inob  efpedaHf  M 
the  Wdtcfm  Side,  a  little  before  the  £merfidli :  And  abMt  two  or  tl»ce 
Seconds  l>€¥ore  it,  on  the  fame  Weftem  Side,  whefie  d^  Sim  wa»  yoik 
tbinifig  Out,  a  long  and  very  narrow  Soeak  of  'a^dosky^  fcuft  flrofig  nd 
Light,  feemed  xo  ^colour  the  dark  £dge  of  t^  Mote,  ^dMIgk  JKriiing 
like  it  lisid  been  feen  immediately  after  hntnerfion.  JIutirtiii  JkfftMdv 
P^^tii  iii^pbn  the  gift  Appeai^ce  of  the  Sun,  as  did  alfo  Hhe  afoidkid 

iU%<$:^  Degree  of  Darknefs,  k  was  fuch,  that  «tfieii%{it  iiate.«E^ 
]^£ted  to  have  feen  ^tiany  more  Stais  dian  were  feen  at{&^M^ :  Tiie  ttoe 
Planets,  Jupiter^  Mercury  and  /^(p;r«ij  were  afl  thttt  wive  flMi  ty  tfaerGen- 
fl^dft  ^  «he  Society  from  the  Top  of  their  Houfir,  where  ithtiy>4jd  a 
^.Hbfizbn ^  And  I  do  not  hear  that  any  Me  in  Town  'itm ^nnkt  diiln 
Qtpelta  ^Aldebaran  of  the  fixed  Stars.  Nor  was  the  Light  of  dteltiingf 
found^he  iAa&ti  trapable  of  effacing  the  Luftre  rf  the  SiaM,  for  it  >iM 
vaftly  4?ifei4(A-to  that  of  the  full  Moon,  and  fo  weak,  that  1  did  not  ^obfetve 
it  <^  b  Shade.  Sut  the  under  Parts  of  the  Hemlfptvere,  parciciifaatr 
in  t\itSMtb  Eaft  under  riit  Sun,  had  a  crqpufeulat^'Brightnds  ;  aid'ta 
round  us,  fb  mudi  of  the  S^ment  of  our  AeaK)fph(e?e  as  wan  abovt  the 
Horizon,  and  ^as.without  the  Cone  of  the  Moon^s  Shadow,  was  woDe 
or  lefs  enligbtned  by  the  Sun's  Beams;  and  its  Reffeftton^gave^^UiyU 
Light,  wlm:h  made  the  Air  feem  hazy,  and  hindred  the  AppearalMbpf 
die  Stftrs.  And  that  this  Was  the  rcsd  Caufe  thereof  &  miQ&ieft  hj  the 
D2tf knefs  Ix&ng  iiiove  perfi^  in  thofe  Places,  near  which  i^eCeihterc^ 
the  Shade  paft,  where  fTiady  more  Siiars  weit  icien,  and  in  ibtuie,  qnot 
lefs  than  twenty,  though  the  light  of  the  Ssxf%  was  t^'aU  alike.  » 

Daring  the  Tinte  whilft  «he  Sun  iccovered  his  U^t,  iev^eral  Altfciidcs' 
were  taken  ix>  cacamine  the  Ri^hrity  of  the  Ch)Ck^  MotioiH  -^uid  iSu/ 
the  Sun  ^hg^  mfe  m«idi>flbwer  than  at  dhe  Sei^iiing,  ^nt  ttiey  all<:4ii- 
ff»ned  wiiihin  a  ^rv  few  Setonds,  tluM:  the  Clock,  w^n{  Wi  one<^daiter> 
<Mf  a  Minute  too  M.  And  the  £nd  of  the  Eclipfe  ^proadi&9g»  I  «t« 
tended  the  Motnent  thereof,  with  all  the  Accuracy  I  ^uld,  ^d^mn 
ohided.the  complete  Sepaiation  of  the  Sun  amT  l^fowi  ^  K^.  ao^  15^^ 
by  the  Clock,  or  exaftly  io\  20^  corredt  Time. 

Hitherto 
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Hitherto  I  exhibit  onlj  what  myfclf  faw,  but  there  were  with  us  a 
fftat  many  Members  of  the  Society ;  and  the  Right  Honpyrable  the 
Ecarl  of  AMngdM^  and  the  Lord  Chief  Juftice  F^ker  wtrt  of  the  Num- 
ber :  The  ktter  of  which  (hewed  an  uncommon  Curiofity  and  Defire 
of  Exaftaiefs,  his  Lordfliip  doing  us  the  Honour  to  aflift  at  moft  of  die 
Obfervaticms  made  fot  determinifig  the  Error  of  the  Clock,  ai>d  did 
himfelf,  at  the  Moment  of  the  Emerfion  from  total  Darknefs,  obferve 
the  Diftance  of  th^  Planet  Ji^tir  from  the  Zenitji  48".  ^9^  by  which 
the  TioQC  thereof  is  verified. 

There  were  alfo  prefent  feveral  QentlemeQ.  of  other  Nations,  ^n^ 
aoumg  them  Monfieur  fc  Ckwalier  de  LauvHU  and  Mr.  Momort^  b9t|| 
of  them  Members  of  the  Royal  Academy  of  Sciences  at  Paris :  The  ^(j^ 
iviiereof  oame  |wpofely  to  obferve  ri|is  Eclipfe  with  lis,  ^nd  Wing 
feen  die  Begnming  sq^lied,  himfelf  to  take  Digits  with  his  MicTQqieter» 
and  i»  9bfenre  the  Occulutions  of  three  Spots  a;  th^t  Time  fe^n  in  th( 
Sun  '9  and  communicated  the  following  Notes,  viz. 


if 


At  8  28  20  Four  Digits  were  edipM* 

8  32  57  The  fisft  an4  hm^er  &K)t  touched  (he  Moon. 

8  33  18  The  fame  was  ^wmoUy  hid. 

8  34  08  The  firft  of  the  two  lofler  Spots  was  hid. 

8  34  59  The  fec(xnd  of  theni  was  hid. 

9  36  01  Emerfion  of  the  fl;reater  Spot. 

9  38  06  Emeriiop  of  the  mft  le^  Spot. 

9  40  25  Emerfioq  of  th^  feppnd  lefler  Spot. 

10  20  04  The  ^nd  of  the  Eclipfe. 

And  he  determined  the  Time  of  the  total  Darknefs  3^  22^^  or  one 
S«Of)d  k(s  th«a  by  ipy  Account. 

T}>e  Heavens  weie  ^1  the  whi{e  very  &vpurable  to  us,  an4  theqe 
«iqa  viaiy  U^  9r  no  Win4>  an^  qot  fo  much  ^  one  Cloud  ipt^rrupt- 
ed  our  Viar  from  the  9eginniqg  to  the  £^d  \  bqt  no  foonpr  yr^  (hie 
Edipfe  over,  but  a  great  Body  of  Clouds  hid  the  Sim  for  ipany  ligurji 
atier* 

Tfaefe  Obfervatioos  h^vi^g  been  m^^  yf\^  al)  the  ^a^e  wf  cQ9]i4> 
ape  »iot»  'tis  hoped^  far  frpm  the  Truth. 

Wl^t  we  h«vf  /rroet?ed  firom  .Qt|)er  Plac^  19  «|  fellows : 

T^  Renniid  Mr.  Jtum  P^fft4%  R$^  of  W^tA  in  Efft^,  g^v^s 

^Ki|ig.iiiimfi)0()  wii^  wy  pqrifttu  inftni«|eii$h  9^  well  fkillfd  in  thp 
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At  8    6  37  The  Eclipfe  firft  perceived. 

9  9  28  The  total  Immeriion. 
'                            9  12  48  The  Emerfion. 

10  20  32  The  jufk  End  of  the  Eclipfe. 
o    3  20  The  Continuance  of  total  Darkhe(s. 

The  near  Agreement  of  this  Obfervation  with  our  own  (the  Difiir- 
ence  being  only  what  is  due  to  the  Difference  of  die  Meridians)  makes 
us  the  lefs  folicitous  for  what  was  noted  at  the  Royal  Obfervatary  at  GrBOh 
Wicb ;  from  whence  we  can  only  learn,  that  the  Diiration  of  total  Dark- 
nefs  wate  3^  1 1^^ 

The  Reverend  Mr.  ff^irtam  Derbam,  Reftor  of  Upmh^er  in  E^ex, 
affifted  by  Samuel  Molineuxj  E(q;  Secretary  to  his  Royal  ISgbkefs  the 
Prince^  and  other  Perfons  of  Quality,  made  the  following  Omttvmom 
there,  viz. 

^-     /    // 
At  8     7  41  The  Eclipfe  began. 

8  33  46  The  Moon  touched  the  greater  Spot. 

8  34  36  She  touched  the  middle  Spot. 

8  35  41  She  touched  the  third  Spot. 

9  10  58  The  total  Darknefs  began  on  a  fudden,  and  AldehtBran 

appeared. 
9  14    6  The  Emerfion,  or  the  End  of  total  Darknefs. 
038  Continuance  of  total  Darknefs. 
9  42  41  The  third  and  laft  Spot  difcovered. 

10  21  45  The  End  of  the  Eclipfe,  by  a  13  4  Foot  Glafs. 

And  a  little  before  the  Beginning  of  the  Eclipfe,  he  found  the  greater 
and  preceding  Spot  to  be  more  Northerly  than  the  Sun's  Center  373  t 
fuch  Parts  as  the  Sun's  Diameter  was  1647,  and  that  it  followed  his 
'Wefterri  Limbed  43^^^  of  Time  :  By  which  Data  the  Situation  of  that 
^Spot  is  well  determined. 

The  Profeflbrs  of  Aftronomy  in  both  Univerfities  were  not  fo  forta- 
Jiate  r  Dr.  Keilly  by  reafon  of  Qouds,  faw  nothing  diftinftly  at  Oxf^i, 
but  the  End,  which  he  obferved  at  io\  15^  lo^^v  As  to  the  total 
Darknefs,  he  could  only  eftimate.  it  by  the  fudden  Change  of  the 
Light  of  the  Sky  •  and  reckoned^its  Continuance  but  3^30^;  w&ch 
was  certainly  too  little,  the  Center  of  the  Shadow  having  without 
doubt  paft  very  near  Oxford.  And-  the  Reverend-  Mr.  Cotes  at  Gaw- 
itridge^  had  the  Misfortune  to  be  oppreft  by  too  much  Compfany ;  fo 
that  though  the  Heavens  were  favourable,  yet  he  mifs'd  both  die  Time 
of  the  Beginning  of  the  Eclipfe,  and  that  of  to^  Dat*kne&.  But  he 
.€bfexved  the  Occultations  ox  the  three  Spot$>  viz.  of  the  firft  and 
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^reateft  at  8\  34^  ii'^  of  the  fccond  at  8^  3/.  15''''.  and  of  the  laft  at 
8^  36^  55^^  He  noted  alfo  the  End  of  total  Darknefs  at  g^.  14'.  ^f\ 
and  the  txaSt  End  of  the  Eclipfe  at  loK  2 1\  §y^\  ' 

We  have  received  fcveral  Accounts  from  fome  Places,  which  lay  near 
the  Track  of  the  Center  of  die  Shade,  and  which  might  have  been  very 
proper  to  determine  the  greateft  Continuance  of  the  Darknefs  \  as  from 
PfyfMUib,  Exeter  J  fFeymcuib^  Daventry^  Northampton  and  Lynn-regiSj  all 
a^peeing  that  the  whole  Sun  was  obfcured  at  thofe  Places  full  four 
Minutes,   and  fome  of  them   rather  more.      But  as  thefe  Obfervers 
give  us  no  Account  how  they  meafurcd  this  Time,  it  may  well  be 
fuppofed  they  took  it  in  a  round  Number,  and  perhaps  from  Pocket 
Nfinute- Watches.     What  I  think  may  beft  be  relied  on  for  this  Pur- 
pofe,  are  two  correfponding  Obfervations  made,  the  one  at  Barton  near 
Kettmwg  in  Nortba$i^<mfbirey  where  by  the  Obfervation  of  John  Bridges^ 
Eiij;  Treafurer  of  his  Majefty's  Revenue  of  Excife,  with  a  good  Pen- 
dulum Clock  and  all  due  Care,  the  whole  Sun  was  hid  no  more  than 
3^  53^^     The  other  was  by  Mr.  John  JVbitefidey  A.  M.  Keeper  of  the 
J^moUan  Nbtfeum  at  Oxford^  and  a  skilful  Mathematician,  'who  obfer- 
vcd  after  the  fame  Manner,  at  KingU  Walden  in  Htrtfordftnre  near  Hitchm^ 
that  the  total  Eclipfe  continued  but   3^  52^^.    Hence  it  follows,  that 
the  Center  of  the  Shade  paft  near  the  Middle  between  thefe  two  Places, 
which  are  but  30  Gec^raphical  Miles  diftant  from  one  another,  and 
iicuate  near  at  right  Angles  to  the  Way  of  the  Shade,  and  therefore 
that  the  total  Obfcurity,  where  longeft,  could  laft  but  about  3^.  57^^, 
or  perhaps  a  Second  or  two  more  at  Lywu  and  lefs  at  Plymouth^  the 
Velocity  of  the  Progrefs  of  the  Shade  gradually  decreafing,  and  its  Di- 
ameter increafing  as  it  paft  on  to  the  Eaftward.     And  this  Situation  of 
the  middle  Line  is  confirmed  by  an  Obfervation  made  at  the  Seat  of  the 
Right  Honourable  the  Lord  Foley  at  JVitley^  eight  Miles  beyond  JFor- 
ce^er^  by  his  Order,  and  communicated  by  his  Lordfhip  to  the  Society  ; 
-whereby  it  appears,  that  the  total  Darknefs  lafted  there  3^  15^^.  Hence 
it  fdlows  that  fVitky  was  about  three  or  four  Miles  farther  from  the 
Center  of  the  Shade  on  the  North-fide  than  London  on  the  South  :  And 
If^tley  being,  by  Ogilbfs  Menfuration,  1 1 8  Meafured  Miles  from  Lon- 
don^ it  is  plain  that  Uie  Center  paft  over  IJlif^  which  is,  by  the.  fame 
Admeafurement,  57  fuch  Miles  on  that  Road,  and  about  five  Miles  al- 
moft  due  North  firom  Oxford ;  fo  that  the  Center  of  the  Shade  left  Ox- 
ford but  very  little  upon  the  Right-Hand.     This  Situation  agrees  per- 
fcdtly  well  with  the  rormcr  between  Barton  and  King's  JValden^  and  as  far 
as  die  Geography  of  our  Country  may  be  depended  on,  I  conclude  the 
Center  to  have  entred  upon  Etigiand  aoout  Plymouth^  and  to  have  paft 
over  Esceiery  the  Devizes^  Iftip^  Bucktngbam^  and  Huntington^  leaving 
^ford  and  Bedford  cm  the  Right,  and  Lynn  on  the  Left,  and  to  have 
^lukted  the  Cgajft  of  NorfM.  about  Welk  and  Blakmy. 
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As  to  the  Southern  Limit  or  Tefm»  where  the  EcKjp^  wSiA  !»  In 
total  on  the  South-fide  of  the  Sun^  we  have  received  m  Accoiiitf  of  an 
Obfervation  made  at  Norion-courtj  about  Ten  Miles  on  this  Side  Qmtu^ 
bury^  by  the  Reverend  Dr.  Harris^  affiiled  by  that  iKXiirate  Observer 
Mr.  St^hen  Gn^y  by  which  we  learn  that  die  Ectipfe  began  there  U 
8^  8^  sf.  and  ended  at  lo^  24^  4/^ ;  a»d  that  the  total  D^koeb 
continued  but  about  one  Mimite  or  rather  leis,  the  Middle  thereof  beiog 
at  9^.  13^  5a^.  From  this  Duration  it  will  follow,  that  N^rim^^mn 
was  but  about  three  or  four  Miles  within  the  Shade*  AM  thai  tt  wai 
really  fo,  is  confirmed  by  the  Relation  of  the  •lahabitants  of  BoSmk 
about  Midway  between  Narion-court  and  Omi^iury^  who  aflured  Mr. 
Gray  J  that  the  Eclipfe  was  not  total  there*  but,  a$  one  <d^diem  eapnft 
ir,  before  the  Sun  had  quite  loft  his  Light  00  the  Eaft^fide*  he  nmh 
vered  it  on  the  Weft :  And  that  there  was  a  ihiaU  Light  left  on  the 
lower  Part  of  the  Sun  that  appeared  like  a  Star.  And  6^m  Crta^mk 
in  Kent  we  are  informed,  by  the  Relation  of  WilU^m  Timp^Wqi  ito 
he  obierved  there  the  Sun  to  be  extinguished  but  for  a  Motaent^  md  in- 
ftantly  to  emerge  a^dn :  So  that  the  Limit  paft  exa&ly  over  this  TawQ» 
which  is  about  9  8  Geographical  Miles  from  Lond^n^  mi  Wf  nttK  tlie 
right  Angle,  where  the  Perpendicular  from  LondoM  falls  on  the  Line  of 
tM  Limit,  being  3^  00^^  of  Time  to  the  Eaftward  of  Lwkm^  in  die 
Latitude  of  51^.  a,  as  near  as  I  can  gather. 

How  it  pdt  over  Suffeoc  we  have  no  authentick  Rehtjoni,  but  Ymm 
learnt  that  it  was  total  at  fTadburJi  beyond  Tuphi4gM»ilb%  as  al^  for 
fome  Ihort  Time  at  Lewis  %  but  that  it  was  not  ib  at  BrigbtUm^  wiidi 
Place  being  (ituafied  on  an  Eminence,  all  the  Country  to  the  N^rdmud 
was  feen  in  Darkneis,  whilft  they  there  had  Umt  Bwefit  of  a  ifnaU  V^ 
mainder  of  the  Sun. 

From  thefe  Obfervations  we  may  conckid^  that  thi^  limit  C9foe 
upon  the  Coaft  of  England^  about  the  Middle  between  Nmb^w  tsA 
Brigbtbelmftm  in  Sujex^  and  paffing  by  Cr^nbropk  .Md  Mhn^  tkant 
four  Miles  on  the  Right-hand,  quitted  the  Coaft  of  JCrM  ikot  far  §mt 
Hem  toward  the  ancient  RjfguWium^  now  called  RmUver.  Sto  diat  fpmt 
one  third  Part  of  Kent^  and  not  fo  much  of  SuRexi  o^  %£  eiX  ^ 
South  Coaft  of  Great'Britain^  efcaped  bdng  involvod  in  this  DiKlb- 
neis. 

The  Northern  Limit,  having  paft  over  a  much  gmttw  %9ac^  \m 
had  more  Obfervers,  and  is  not  leis  curioufly  determined  thw  ite 
other*  By  the  Account  ^en  by  die  Revenend  Mr.  Rigger  ProfferiKtSali 
t>f  Haverferd-Wejj  the  Edipie  was  total  thete  a  Mmmt  and  a  hM^ 
whence  it  follows,  that  Haverferd  was  but  abotit,6  Miles  witbw  the 
Shade,  and  dierefore  that  it  entred  on  JPembr^i^bm  about  ite  MifMIe 
oE  St.  Sride'^t^y^  leamg  St. DmiVTs  andC^ij^^mthel^Hml; 
and  having  trav^&d  thofe  two  Eoonties  JUidi^lin^gMj^^ 
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Mfm^JUnSi  kamiig  dvc  T6wn  of  Shmostury  i^  40^  in  the  Shadow,  as  w» 
cLfetTWl  thereby  Dr.  Hdlings  ;  whereby  it  appears  that  Shrewsbury  was 
«booi  8  Miles  i^idtin  the  Limit.  Thence  it  proceeded  by  the  Eaft-fide 
tif  O^jfeffT^  i^aviTig  ffHtntcbmrch  and  Nuntwicb  a  very  little  widiout,  and 
pofifig  by  Cen^om^  went  over  the  JVt^  of  lierbyjinrt  into  Torkjhir^^  and 
iorafsM  the  gresft  Noithern  Road  between  PontefraSi  and  Doncafterj  fome- 
^what  tieatfer  the  farmer  dian  >tke  iattr.  For  by  the  Obfervations  of 
t\b(ffi^bik$  Skdttm^  £fq;  at  liarri9igi$n^  about  two  Miles  on  this  Side  iW- 
ti^i^^  (in  Lat,  53^.  40'  and  Long.  Weft  from  London  4^.  40^^  of  Time, 
«s  tfitry  i)e  concluded  rrom  Nonvpod^^  Meafure  of  a  Degree)  the  Sun  at 
^gf*".  { i^-  Was  reduced  aJmoft  to  a  Point,  which  both  in  Colour  and  Size 
rdemUed  the  Planet  Mars ;  but  while  he  watched  for  the  total  Eclipie, 
tfajtt  Poinft  grew  trigger,  and  the  Darknefs  dimtniihed  ^  whence  he  ar- 
mied  the  Limit  to  have  been  very  little  more  Southerly.  And  fmce  lias 
OMD  iDfiMtned,  that  it  was  juft  total  in  Bamfdahy  three  Miles  South 
fyam  thmce.  And  that  it  was  fo  at  Bad/worthy  about  the  iame  Diftance 
from  Darringion^  we  are  told  by  a  Letter  of  the  Reverend  Mr.  Dau^ 
ifflx,  that  he  has  a  certain  Account  from  that  Place,  that  the  luminous 
ftiiig  round  the  Mdon  was  feen  there,  which  was  no  where  vifible  but 
wh£'the  Eelipfe  Was  total.  From  thefe  Data  we  may  fecurely  deter- 
Mine  the  Remainder  of  this  Track,  and  that  the  Edge  of  the  Shadow, 
*lB9i4iig  )>aft  <»ver  the  reft  <^  Torkjhire^  pdTed  off  to  Sea  about  Fiam- 
jMfMigS  Head. 

So  dMt  <tf  the  forty  Counties,  into  which  England  is  fubdivided,  only 
Xhe  five  mbft  Northerly  have  not  had  the  Sun  wholly  hid  from  them  ; 
•and  fix  eAer%  hav^  tfcaped  but  in  Part,  viz,  Shri^irey  Chejkin  and 
STmi^bin^  and  the  extreme  Pftrt  of  Deriyfinre  on  die  Norih^  and  Kent 
«id  Sufix  oi»  the  Swfh  ^  all  the  reft  of  the  Kingdom  having  more  or 
4e£t  fimred  an  Interval  of  total  Darknefs. 

I  ftatl  not  $x  prefent  confider  this  Eclipfe  as  muverfal,  but  only  ;as  it 
related  to  EngUnd ;  and  it  fliall  fufEce  to  fay,  that  the  Shadow  came  out 
^^die^jlabaitrt  Ckean,  'having  paft  overdid  Kands  Azores  \  and  that 
^che  4kMNhtfn  LmA:  of  it  readiM  the  ifle  of  UJbmu^  and  the  North^eft 
^OOifts  isi'Briimmy  b<»tW6en  Br^  and  MorJaix  *,  and  dividing  our  lO^s 
lof  ^tim|^  and  J^fey^  juft  touched  tspon  the  Promontory  <of  Nmnandy 
«rited  'Cipi  deMi^ui.  And  diat  afcer  k  bad  xjuitted  England^  and  tra- 
miSei  ^Ac^G»man  Xkesn^  it  ftU  on  Jmhmd  on  :ihe  Soinh-fide,  and  JVor- 
-«M)r«i  The  North  s  and  thence  pr<Kie«ded  to  tfae£aftwnd  4)ver  Sweden^ 
49Mbmd,tK. 

^ximsaka't/om  «6  tMifider  the  Figim,  Pft&tioih  iSteefkivn,  Vie^QK% 
4aid  Magnhude  of  the  ttiadow  as  it  pafied  ioverw.  iAito:tbd  Fogufc, 
^kfatcftmous  that  the  ^ladow  ^tf*  the  moon  being  a  Oxi^  and  the  EaithH 
-Syr&ae  'fidlici*!^  Spherical,  'the  ^q^parent  Siadow  j6»  the  Easch  twi) 
be  the  common  Incem&ion  of  m  Cone  <and^he«e,  ^which  isja  Big^ifc 
likberto  littk  conlidered  by  Geometers  \  and  not  being  in  Pkno^  is  not 
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to  be  exa£tiy  defcribed  but  in  the  fpherical  or  corneal  Surface.  How 
to  find  the  Points  of  this  Curve,  in  all  Cafes,  is  (hewn  by  P.  Coufier^  in 
a  very  fcarce  Latin  Book  printed  at  IHjim  in  Burgunify  and  publifhed  at 
Paris  in  the  Year  1663  :  Nor  do  I  know  of  any  other  Author,  that  has 
handled  the  fame  Subjed  fmce,  though  capable  and  worthy  of  further 
Improvement.  By  what  he  there  delivers.  Prop.  11,  12.  Ub.  I.  it  will 
be  eafily  underftood,  that  the  Convexity  of  fo  fmall  a  Part  of  the  Eardi's 
Surface,  as  the  Shadow  commonly  occupies,  can  produce  only  an  in- 
confiderable  EfFeft  ;  fo  that  without  fenfible  Error  we  may  take  it  for 
a  Plane,  and  the  Section  for  a  true  ApoUonian  EMffis^  whofe  tranfverie 
A%is^  by  reafon  of  the  Smallnefs  of  the  Angle  of  the  Cone,  will  be  to 
its  Conjugate  nearly  as  Radius  to  the  Sine  of  the  Sun's  Altitude  at  its 
Center,  efpecially  if  he  be  confiderably  elevated.  But  when  he  is  near 
the  Horizon,  it  will  be  neceffary  to  have  R^ard  to  the  true  Figure,  by 
reafon  of  the  great  Length,  to  which  the  tranfverfc  Axe  is  excended, 
and  particularly  when  the  Shade  is  entring  upon,  or  leaving  the  Earth^s 
Disk. 

As  to  the  Pofition  of  the  A^s  of  the  Shadow,  it  is  manifcft,  that  k 
muft  always  lie  in  the  Plane  of  a  great  Circle  of  the  Earth,  pafling 
through  the  Axis  of  the  Cone  of  thd  Shade  ;  and  therefore  all  that  is 
required,  is,  to  obtain  the  Azimuth  and  Altitude  of  the  Sun»  at  the 
Place  where  the  Center  of  the  Shade  at  any  Time  is  found,  to  deter- 
mine the  Situation  of  the  Axe  and  Species  of  the  EUipfe  required. 
Thus  the  Middle  of  the  Eclipfe  at  London  having  been  oraerved  at  9^ 
lo^  45^^  by  the  given  Latitude  and  Declination,,  we  find  his  Azimuth 
about  59^.  oo^  and  Altitude  40^.  46^  that  is  juft  40  Degrees  high,  at 
the  Center  of  the  Siadow.  Wherefore  the  tranfyqie  Axe  of  the  £1- 
lipfe  was  to  its  Conjugate  very  near  as  Rad.  to  the  Shte  of  40^,  or  as 
1000  to  643  proxime  ;  and  did  make  an  Angle  rf  59*',  or  very  litde 
more,  with  the  Meridian  pafling  at  that  Time  throu^  tl^  Center  o£the 
Shade. 

The  Direftion  and  the  Velocity  of  the  Motion,  wherewith  the  Cen- 
ter of  the  Shade  pall  over  England^  is  npct  to  be.,  coi^fideired,  wheim  it 
is  to  be  obferved,  that  the  SIukIow  pafies  in  a  very  compound  Cunre, 
which  as  the  former  is  not  in  PUmo^  and  only  defcribable  on  the  Smiaoe 
of  the  Sphere  :  Nor  is  its  Motion  equable,  but  compounded  of  voy 
many  Elements,  producing  a  great  Variety.  By  what  Method  its  PointSa 
and  its  Tangents  in  thofe  Points,  are  to  be  obtained,  I  refenre  a>  ano- 
ther Opportunity  ;  only  I  obferve,  that  for  fo  fmall  a  Part  of  the  Ctiryt» 
as  went  over  England^  it  may.  be  elteemed  a  right  Line,  with  more  £x- 
a&iefs  than  we  ufually  find  in  moft  of  our  Geographiod  Charts.  And 
the  fame  may  be  faid  for  the  Velocity,  which,  though  in  our  prefent  In- 
ftance,  it  was  continually  decreafing,  may,  for  fo  fhort  a  Time,  be  fup* 
pofed  to  have  been  the  fame  without  fenfible  Error. 
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By  a  cartful  Calculation,  I  have  determined  the  Velocity  of  the  Mo- 
don,  at  the  Time  of  the  Middle  of  the  Eclipfe  at  London^  to  have  been 
29  Geographical  Miles  m  a  Minute  of  Time  quam  proxttni :  And  that 
its  Way  made  an  Angle  of  52**.  45^  with  the  Meridian  towards  the  Eaft- 
wards  of  the  North ;  wherefore  the  laid  Way  made  an  Angle  with  the 
Axis  of  the  Ellipfis  of  &S^.  15^  And  the  greateft  Duration  of  total 
Darknefs  having  been  3^  57^^  it  will  follow,  that  that  Diameter  of  the 
ElUptick  Figure,  according  to  which  the  Shade  paft,  was  np  lefs  than 
114-^  Geogr,  Miles.  And  from  the  Elements  of  the  Conicks  *tis  eafy 
to  be  proved,  that  fuppofmg  the  Figure  of  the  Shade  a  true  Ellipfe, 
whofe  Ax^  are  as  Radius  to  the  Sine  of  40  Degrees,  the  greater  Ajcis 
would  be  171  Geographical  Miles,  and  the  leiTer  no ;  and  the  neareft 
Diftance  between  the  Limits  fuppofed  Parallel  164  fuch  Miles. 

And  this  Length  of  the  Ads  of  the  Shade,  derived  purely  from  the 
Dur^on  of  total  Darknefs,  is  fully  confirmed  by  the  obferved  Diftance 
of  the  parallel  Limits ;  the  one  paffing  by  Badfwortb  in  Tark/bire^  the 
other  by  Cranbrook  in  Kens.  For  by  the  two  Latitudes  53^.  3/  and 
51*^.  6\  with  the  Difference  of  Longitude  7^  40'^  of  Time,  or  i^.  55^, 
the  Diftance  of  thefe  two  Places  is  given  166^  Geogr.  Miles  ;  with  the 
mean  Angle  of  Pofition  25  Degrees  from  the  North  Weftwar^ ;  where- 
fore this  Arch  makes  an  Angle  with  the  Track  of  the  Shade  of  jj^  4» 
and  hence  the  neareft  Diftance  of  the  Parallels  becomes  163  fuch  Miles» 
which  by  the  other  Way  was  found  164. 

If  then  we  conclude  the  Axis  of  the  Shadow,  when  the  Sun  was  juft 
40  Degrees  high,  to  have  extended  over  2^.  sof  of  a  greaf  Circle,  we 
may  iecurely  determine  the  Difference  of  the  Sun  and  Moon's  Diameters 
at  this  Time.  For  the  Difference  of  the  Horizontal  Parallaxes  of  the 
Sun  and  Moon  being  found  to  be  6o^  38^^  (as  fhall  be  hereafter  fhewxi^ 
but  is  not  required  with  extreme  Exa6biefs  for  this  Purpofe)  the  Differ- 
ence of  the  Parallaxes  in  Altitude  at  both  Ends  of  the  Axis,  will  be  found 
to  be  i^  56^^,  and  by  fo  much  did  the  Diameter  of  the  Moon,  when 
forty  D^rees  high,  exceed  that  of  the  Sun  :  Hence  the  Horizontal  Di* 
ameter  ot  the  Moon,  in  this  Anomaly  is  found  33^  if^  which  may . 
ferve  for  a  Rule  in  all  other  Cafes. 

'I  forbear  to  mention  the  Cbill  and  Damp^  with  which  the  Darknefs  of 
this  Eclipfe  was  attended,  of  which  moft  Spedtatbrs  were  fenfible,  and 
equally  Judges ;  or  the  Concern  that  appeared  in  all  Sorts  of  Animals, 
Birds^  Beafts  and  Fi/hes  upon  the  Extinction  of  the  Sun,  fince  ourfelves 
could  not  behold  it  *rithout  fome  Senfe  of  Horron 

Laftly,.  I  jiave  added  the  following  Spwpfis  Qf  fuch  Obfervations.  s6i 
have  hitherto  come  to  my  Hands. 


265 


Vol.  IV. 


Mm 


Place 


2^6 


Place. 


Barton 

Bell-har 

Broadway 

Carmarth. 

CaiHhridge 

Canterbury^ 


} 


M.  Bridges 
M.  Jones 


M.  Cotes 
M.  Gray 


Cheftet 

Crew 

DuiUn 

Dublin 

£xon 


M.fVard 
M.  fVrigbt 
L.  Jrcbbijb. 
M.  Hawkins 
L.  Bit/hop 


Exon 

Greenwich 

Kinfs  ffald, 

Uaiudan 

AngkRy 

Lonaori 


Nortbofnpt. 

NortoH'-jCotfrt 

Oxott 

Paris 

Plymguth 


Portfbe^tr 
Salop 
Upnif^ 
Wai^ei ' 
Wtymuth 


Obfcrycrs, 


Eclipfis  of  the  Sun, 


M.  Hudfon 
M.  fFbit^de 

R.  Spciety 


}k 


M, 

d: 

D. 
R. 
M, 


Hfivbkins 
Harris     \S 
Keilir 
Acadep^   8 
Hemes 


M. 


Cb^ndler 
Boilings  J 
Derbam  p 
foun4^  8 
HMs 


Beginn 


// 


8.    6.  2.5 


8.  lo.  09 


7-  57-  40 

7.  42.  II 
7-  41-  30 


7-  47-  30 


5*-  30 
6 


9'    5- 
8-  559'  »3- 

II.  00 1 

41.  008.  45. 


»7//^  '      'JM.i?»«/<r 


58.  po 
7.  41 
6.  37 


7-  59- 


Immerf. 
h. 


// 


9.    9.  45 
8.  47.  00 


9..     %•    8 
8.  55.    o 


009.     9.     3 


22 

23 

30 
25 


EmcxH 


//^ 


Tot. 


^   // 


9.  13.  27 
8.  49^  30 
»4-  37 


8,  59. 


9.  12..  26 


9.  24 
14.  22 


8.  50.  00 


9.  10. 

9-    9- 

8-  5Z: 


9.    6.  15 


589- 
289. 

008. 


12.   48 
58.   00 


3-53 
J- 42 

2.30 


2,  00 


4.  00 


3-30 
3.  II 


3/,23 


4.    2 

0.59 
3-30 

4- 30 


63 


3-50 
1.40 
8 

3,2c 
4-oc 


3-15 


h. 


End* 


/    0- 


10.  21. 5f 

lo,  24. 30 


10.    6.35 

10.    9. 00. 

9. 49. 40 

9. 48. 45 


lo.   o.  30 


10.  20,0a 


lo.  15.35; 
10.  24. 47 

lO,  15-  IQ 

10.  2.8,  00 

9-  54-  30- 


10.  6.  ca 
10.21.45, 
;iO.  2Q.  gzi 


10.  i3i-oQ 


Accoimtf  0/  2.  Suiec  the  Publication  of  the  ^^rmeir  Arcount  of  wbat  was  ol;>fervcd 
^^J^  Aw»  in  England^  and  particularly  at  London^  of  this  Eclipfe>  we  have  rcccivccl 
P.^a!**  '^^  ftom  Foreign  ^^^s  the  fplrbwing  Obfervations. 

~  mm'  tbi        Mr.  J\  Edensy  being  on  his^  Voy^e  to  the  Pike  of  ^eneriff^  obfervcd 

Ifl»nd?one    the  Eclipfe  at  Sea,  tii  Latitude  by  Obfertration  34%  20^  and  Longitude 

JfrTiB&is  ^^  ^^'^  ^^^  ^^^^  London^  as  he  concluded  hv  their  Diftance  and  Pofi- 

'  *'        '  fion  from  the  Ifland  ForJeVenturay.vA}icK  they  loon  after  fell  in  with.  He 

wrifes^  that  it  began  at  vi*.  49^  and  encjed  at  viii'*.  47^^,  this  latter  very 

txiStf^  though  not  quite  ib  nice  as  to  the  Beginning, 

Had 
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*  llad  this  Gentleman  fignified,  what  Difference  of  Meridians  there  w^ 
found  between  the  Place  of  Ohfervation^  and  the  Weft  End  of  Fort^* 
J^enturaj  we  might,  without  fenfible  Error,  have  concluded  the  true. 
Longitude,  not  only  of  that  Idand,  but  alfo  of  the  Pike  of  temriff^ 
Where  vur  Geographers  and  the  Dutch  have  fixed  their  firft  Meridian.  He 
adds,  that  the  greateft  Darknefs  was  about  i  of  the  Sun's  Diameter,  or 
nine  Digits  on  die  North  Side. 

From  Germarrf  we  have  received  the  following  Accounts. 

At  Nurenburg^  The  Be^nning  and  greateft  Obfcurity  could  not  bt  —  4#  Nnren- 
feen  for  Clouds,  but  the  End  happened  at  xi\  lo''-  4-.  '**"^^- 

At  Hamburgh  The  Beginning  was  obferved  at  viii**  57'.  the  greateft  —  mi  Ham- 
Obfcurity  at  x\  5^.  30^.  when  xi  t  I>igg^  wcte  darkncd.    The  End  burgh, 
cbuld  not  be  obferved  for  Clouds, 

At  Keii  in  Holjiem^  The  Beginning  ix\  14'.    The  greateft  Obfcuriky  j-  ^  .Kiel  «r 
X*.  19'.  2o^  and  the  Quantity  then  cclipfed  xr  Dtgg.  20'.     The  End"^^"** 
was  at  xi\  29^. 

At  5^r/i>>  The  Beginning  could  not  be  obferved  fbr  Clouds,  but  the  —  ^  &'!&*. 
greateft  Obfcurity  was  at  22  mn.  paft  Ten,  when  xi  Digg.  wete  eclipfed. 
The  juft  End  was  at  xi\  34'. 

At  Frankfort  on  the  Meine^  The  Eclipfe  began  at  VIIl^  50^  The  —  tf^  Fraiidc-^ 
gfeateft  Darknefs  at  x\  1 1\  but  perhaps  jhould  be  x\  01  min.  the  D^ts  ^l^^  ^^  - 
bdng  X.  and  34  min.  The  End  was  obferved  at  10  min.  paft  Eleven.  ^^^* 

By  whom  thefe  Obfervations  were  n^ade,  and  with  what  Inftruments, 
we  ^e  not  as  yet  informed,  but  hope  they  may  be  etaft  en6ugh  M 
confirm  the  Longitudes  of  thofe  feveral  Places,  which  art  at  prefettt  rea-         » 
fcJnably  well  known. 

In  a  Book  entituled,  Nouveltes  Literaires^  publiflied  at  the  Hague,  pag.  —  ai  Upfal 
404,  405,  there  is  an  Account  of  the  Obfetvation  of  this  Bclipfe  at « SMdtn.  '  '.' 
Vpfal  in  Sweden,  made  by  M.  Jo.  U^aller,  ProfeffOr  of  Mathematicks  ^^'••^•^**"  . 
in  that  Univerfity,  who  was  very  careful  to  obferve  it  cxaftly  •,  the     *  ,  ^ 

Times  being  verified  by  three  Clocks  perfeftly  agreeing  widt  one 
another  and  with  the  Sun  :  But  more  efpecialiy  by  a  Quadrant  of 
five  Foot  Radius  for  taking  the  Sun's  Altitude,  By  this  rnftramedt 
he  determined  the  Height  of  the  Pole  at  Upfal  ^(f.  51^  54^^  And  by 
the  fame,  a  little  before  the  Beginning  of  the  Eclip^d,  he  fotind  the 
Height  of  the  Sun  39"*.  36^  42''^  his  Clocks  then  Ihewiiig  th^  Hour  ix**. 
4/.  ^o^\  which  proves  that  they  were  very  near  the  true  Time.  At 
X*.  58^  15'^.  the  Altitude  of  the  Sun  being  44^  i^.  %^\  was  f hi  Begin- 
ning of  the  total  Darknefs,  and  at  X!\  2^  24^^  was  the  End  thereof, 
alto  fole  44''.  2  9''.  1 3'^  fo  that  here  the  Duration  of  the  total  Eclipfe 
wa^  4^  9^^,  arid  the  Middle  thereof  but  one  Third:  of  a  Minute  after 
Eleven.  And  laftly,  the  End  is  ^d  to  l^e  hapf^i^d  about  4  N^ii^utes 
brfbre  Noon,  the  &in  being  45°»  42'.  &\  high :  But  in.  this  is  a  ma- 
nif<fll  Error,  fo^  it  makes  the  Time  of  EmerftOQ,/0r'  fitiiti  the  Mid- 
dle t6  the  End,  but  55^  20^"^ ;  whereas  being  fo  niaP.  the  Meridian,  'tis 
certain  that  this  Emeriion  was  the  greater  Part  of  the  Duration  of  the 

M  m  2  whole 
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whole  Eclipfc,  and  confcqucntly  mpre  than  an  Hour.  Perhaps  the 
Times  iriignt  be  dedijccd  from 'the  Altitudes  only,  and  then  the  Miftake 
might  be  in  fuppofing  the  End  fo  much  before  Noon,  as  it  was  really 
after  it.  However,  to  prevent  all  Doubts^  wa  have  compared  this  Ob- 
fervatibn  with  what  wc  obferved  of  this  Edipfe  at  London^  and  find,  that 
in  theLatitude  cf  5^®.  50',  the  Place  where  the  Middle  of  total  Dark- 
nefs  was  at  xi\  o^  zc/\  was  near  19  Degrees  more  EafterJy  t\^2a\lAmdon^ 
(that  is  exadUy  in  the  Meridian  of  Dantzick)  and  that  the  Eclipfc  b^^ 
there  at  xi**.  52^4,  and  ended  at  xiA  10^',  wherefore  the  Duration  could 
not  be  2**.  /.  50^,  as  the  EMtor  of  the  faid  NouvelUs  has  publiflied  ;  not 
confidering,  that  the  Beginning  could  not  be  feen  for  Qouds,  as  in  the 
very  next  Words  he  aflfures  us. 

.  As  to  the  Darknefs,  it  was  fuch,  that  they  could  fcarce  diftinguifh 
one  another ;  and  befides  Jupiter^  Mercury  and  l^enusy  of  the  fix*d  Stars, 
Caffiopea^  CapeUay  Oculus  Tauri  and  Orim  (Sinus  nof  being  yet  rifen)  were 
vii&ble. 

XVI.  From  the  literary  News  of  BerRn  we  have  obtainM  two  Ob- 
fervations  of  a  fnftall  ScJar  Eclipfe,  Feh.  lo,  St.  Vet.  ijii.  One  at  No* 
rimbergy  by  Mr.  WirtzeWau  \  the  other  obferved  at  Benin  by  Mr.  Kircb. 

At  Nmmierg  Ac  Son  rofe  fpmething  deficient  in  his  upper  Limb, 
which  Dtefeft  increafed  to  5  full  Digits.  The  EcKpfe  ended  at  8^  8'- 
48'^  about  60  Degrees  from  the  Vertex  of  the  Sun  to  the  left  Hand. 
But  at  Berlin  the  Sun  began  to  be  cclipfed  prefently  after  his  Rifing,  or 
at  6^.  49'  or  49'4.  About  the  Middle  of  the  Echpfe,  or  at  7**.  35^  the 
lucid  Parts  remaining  in  the  Sun  were  24'.  40'^  Whence  the  Digits 
obfcured  were  2^  50^    The  End  happened  at  8^  28\  lo^*^. 


1700,  fy  Mr. 
T.  Brattle,  n. 
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Bctipfi9fih9  XVII.  On  feb.  lu  the  Moon  rofe  eclipfed,  and  the  Horizon  was  fo 
Moon  Of  overcaft,  that  1  defpaired  of  having  any  Obfervations  ;  but  at  4^  an  Hour 
^*Ncw-?DK  P^ ^*  (he  came  from  under  the  Qoud,  and  at  6^.  25^.  I  had  juft  a 
1and«  F^.  11,  Sight  of  her>  and  judged  her  ecUpfed  about  5  Digits ;  at 
h. 

The  Section  equidiftant  from  M.  Mtna  and  Harminiiis. 
Palus  Maraotis  begins  to  be  feen. 
Palus  Maraotis  and  Mons  Apolionius  7  out. 
Palus  Maraotis  quite  free,  ienii  Palus  Maraotis  and  Palus  Mk^ 
Otis  in  the  Perpendicular. 
4^i  The  Shadow  near  an  Inch  from  Palus  MaraotiSy,  Mons  Hor- 

fnimusy  md  Mons  Hercules. 
467  Pabis  Maraetis  in  the  Nadir ^  and  diat  Part  of  Palus  M^otis 
to  my  Right-^hand  in  the  Prime  Vertical. 
The  upper  Part  of  the  Sedion  is  now>  aitd  has  been  for  a 
long  Time,  in  Jn/uk  Major  in  Mare  CafpiOy  (and  the  Sec- 
tion now.  perpendicular,)  and  the  lower  Part  whaling  about 
bota  Palus  Mir^otis. 
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7    20    Mfuni  Sinai  firft  mpcsn  tf  12^  wfaoUjr  free* 

25t  Pabu  Mdr^eoiis  and  A^mi  Harmimus  near  perpendictilar. 
43    The  Edipfe  over  in  the  TtMcopc^  aiid  at  49  to  the  naked 
Eve 
My  Clock  was  fet  by  my  Rii^Dial  about  Nine  of  the  Qock  in  the 
Moming»  as  exaftty  as  I  could  judge ;  and  the  Obfervadon  was  nude 
with  my  44  Foot  Telefcope,  with  aU  four  Glaflcs  in  it. 

XVIII.    I.]  fr%»  0/tU 

Time  by  the  Clock.  3imi.Dtc.it. 

h  1703.  «r  Cam- 

II     45    In  die  Morning,  thac  Fart  of  the  Moon't  Diik  near  Alahi^nmr^  New£a|. 
look'd  fomewhat  duskifh,  and  the  Edipfe  beginning  taland,  ^Mr. 
enter  between  Palus  MerMiis  and  Al  Prnftyritis.  T.  Brnde, 

11  S3    arhc  true  Shadow  was  well  entrcd.  .  ».a9a.p.i6$6-. 
58     M.  Porpbyritis  juft  coverM. 

12  034-  Near  3  Digits  darkened. 

yi  Mount  JEtw  begins. 
94.  Quite  covered.    ... 

144  Lacns  Niger  Major  and  M.Sinai  almoft  equidiflant  from  the 
Se^on  of  the  Shadow^  Locus  Niger  Major  being  fome^ 
what  the  nearer  of  the  two. 
1 84^  Laeus  Niger  Major  begins  1 9 1-  quite  cover'd. 
2 17  Mount  Sinai  begins. 

21:^  Quite  cover'd,  and  the  Moon  about  6  Digits  eclipfed« 
12     24t  Besbicus  begins. 
26    Quite  cover'd. 
287  Byfantium  begins; 
29t  Cover'd,  and  Mount  Hormimus  begins.. 

32  Apollonia  begins. 

33  Cover'd^ 

37     The  Shadow  equidiftant  from  M.Carax  and  Mount  Paropa- 

fnifusy  or  fomewhat  nearer  to  A/.  CoraXm 
J94.  Between  9  and  10  Digits  ecjipfcd. 
43     M  Corax  begins. 
12    44^  Palus  M^tis  begins,  and  at  45I  the  Jnner  of  M.  Par^pa^ 
mi/us  begins. 
50    Palus  M^otis  quite  cover'd. 
51^  The  Moon  not  quite  cdipfed. 

52  Nor  yet.  -  /  < 

53  Nor  yet.  ,         •   .     -  •        ; 

54  Scarce. 

54^  Quite  immei^ed  and  the  Mora. begins.  .       ^ 
14    3,9    Precifcly,  fhe  emcrgqi  hesveok  Palus  1  MariSotis  and  Mans 
PorptyrtUs. 

4? 
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42    PdlusMar^fotk.)x^ssas. 

^^    About  3  Digits  reftpred. 
5^    Mount  2filM  beg;im4 
15.    P2.  ThataodZ^irwJV^^lti^Vattlie&infiTlm^ 

84-  M?jiir^  £iwf  about  half  free. 

9t  Quite  free,  and  about  6  Digits  reflored. 
15    Besiicusfret. 
igi  ByfanHumfret. 
29^  Aoout  9  Digits  ieem'd  to  be  reftored. 

^Tti  Pabu  Mentis  fa^iris.   . 

384  Quite  fwft.  . 

414:  InfulaAUjcr  in  M^re  Q^ph  firee,  mA  ift  tfie  Midflle  df  tBtf 
Seftion. 

42i  Not  yet  wholly  dear. 

45  FuUy  over  in  the  Telefcope,  tho*  a  Kind  of  a  Smo^  remain- 
ed fome  little  after  to  the  naked  Eye. 

I^  order  to  the  Adjufting  of  the  Time,  I  fet  my  Clock  with  the 
greateft  Exadnefs  I  could  the  Mornifig  preceding,  both  from  my 
Ring-Dial  and  the  Rifing  of  the  Sun,  which  I  vety  narrowly  w^ch*d 
and  obferved,  and  found  it  to  agree  with  the  Sun's  letting  the  follow- 
ing Evenings  fo  that  it  wentnl  the. Time  the  Eclipie  was,  very  flea* 
dily  and  regularly ;  but  for  the  greater  Certainty  aind  Sfttisfaftion,  I- 
took  the  Altitudes  of  the  following  Stars  with  the  Brtfi  Quadrant  with 
Telefcope  Sights  out  of  my  Chamber  Window,  the  Lownefs  whfereof 
would  not  permit  me  to  take  tbem,  whto  they  wttt  at  all-  highet^  ele- 
vated, 

*  in  dextto  humeio  Orioius, 

BytheWatch,    Comjp.  Ak*  Differ. 

78     18        6    13    40        I    20      Sc^thatn^tUck 


Re-  10    8t        77    4^      ID    07     t%        t    tt 
guhnp     ^'fi       j&    It     a«    *5  ^        f    17 


\ 


jy  o^  6  10  aa  I  02      'otefa   by    tbejk' 

76  1 1  6  25  08  I  07      Oiprvations          ^ 

77  20  8  c^8  04  I  it     fa/t.                     ^ 
76  20  8  13  32  o  58 

75  13  8  19  36  I  24 
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2.}  I  h«d  die  good  Fortune  at  London  near  the  Exchange  ta  make  —  th  lame 
fone  ftw  Obfervations  of  the  Eclipfc  of  the  A&m  of  DBcembertht  i  ith,  ohfir^'d  mt 
1703,  (of  which  I  gave  an  Account  to  the  Society  fonfie  Time  fince)  ^^^"u^  . 

#  follows;  fon,'n.'29i.*^" 

Th(?  Heeivens  being  cloudy  moft  Part  of  the  Nighty  it  was  35^  after  p.  1594,  n. 
F^ur  in  tb?  Morning  following,  befi^re  T  could  percehre  Aett  die  Moon  *9**  P-  i^s;. 
was  ecdipfeii ;  and  then  as  near  as  I  could  judge,  fhe  had  been  fo  about 
<^fee  or  fo^r  Minutes  at  moft,  from  whence  we  may  conclude  it  begaa 
9  l^onj^n  akKHit  31  or  32  Minutes  after  Four  the  iame  Morniiig. 

Mr.  Brattk  found,  that  at  44  Minutes  after  Eleven  at  Night,  Part  of 
the  Moon*$Disk  look'd  fomewhat  duskifh,  md  that  at  52  Minuted,  the 
Shfidaw  wa$  well  entered,  fo  that  from  hence^  as  well  as  from  a  Comparifon  DifnyMt  9f 
aftbelngrefs  andEgnfi  of  the  principal  SpotSj  ii  proiahfy  legan  there  about  ]^^"*^n. 
49  Minutes  after  Eleven^  whence  it  follows^  that  Cambridge  in  New-Eng-  ^on  drnJCdxa^ 
1^  lies  4*"  42^  ij  ^  70  3y^  to  the  fFefiward  of  the  MertMan  of  London,  bridge  in 

[ha|^n'd  to  fee  the  Moon  the  fame  Morning  at  35  Minutes  after  ^^-^S- 
Five,  when  fhe  wanted  at  moft  but  three  Minutes  of  being  totally 
cclipfed ;  fo  that  at  London  (he  immeyged  at  38  Minutes  paft  Ftve.     - 

Mr.  Bratilt  faw  her  immerge  cxaSly  at-  54  Minutes  after  Twelve, 
whence  it  follows,  that  the  Difterence  of  the  Meridians  found  by  com- 
iwing  thcfe  Obfervations^  is  4''  43'  -J^  or  70^  52^  agreeing  very  well 
with  the  former ;  fo  that  by  taking  a  Mean  between  them,,  the  Diffe- 
rence of  Longitude  of  die  two  Places  4**  43^,  or  70^  45'.. 

I  hvf  no.  more  of  the  Eclipfe  that  Morning,  by  reafon  of  the  Clouds, 
and  fheuld  be  very  gjad  to  meet  with  fome  other  Obfervations  to  con- 
firm th^&-,.  but  their  mutual  Agreement  gives  ^at  Reafon  ta believe 
that  th^  Dedu^bioBS  are  good,  and  may  be  rely'd  upon ;  for  during  the 
Eclipfe  I  had  a  View  of  the  Moon,  at  leaft  twenty  Times,  tho*  Clouds 
frequently  intervening  have  made  this  Account  of  mine  lels  accurate 
and  cert^  than  othcrwife  it  would  have  been. 

Time  corredted 

XIX,  hnmerfionsL  by  Altitude. 

h       '      /^  Ed^Jiifthe 

A.v^noiahrePte«i»^rtf^.(Eviemiig)  6  52         -»/•««. Apr^ 

PalusMar4!otisi^Gov£t^  6  58  2offi;Ncw." 

Mu»  Pbrphjirites  hcgtns^  7  S  15  England,  4^ 

Is  cover'd  7  9  20  ^^'  T-  Bntt- 

Mount  JStna  hogins  7  16         t%lj^'^' 

Is  quite  covecedr  7  ^7  15 

Mount  Sinai  begins  7  21  40 

Quite  covered  7  22  40 

rhe  Iflc  oiCar/ka  is  covered  7  24 

rhe  greater  ^iflidb  Z^^  is  covec'd  7  3^  40^ 

rbc^y^sM&Ba^iats  7  33 

^zan/ium  7  3^  3^^ 

Immer^ 


2y2  EcHpfis  oftbeMootr^ 

Immerjhns. 
Mo\}f\t  HmmfHus 
Mount  of  Jpollfi 
Mount  Hercules 
Mount  Carax 
Palus  Meotis  begins 
The.  great  Ifland  in  the  Cafpian  htffM 

Is  covered 
Palus  M^otis  is  quite  cover'd 
The  Moon  quite  immerfed 

Emerfions. 
The  Complement  of  the  Aldtude  oiAr^hirus 

The  Complement  of  the  Altitude  of  the  Star  that  fellows'^ 

the  bright  Star  in  the  Northern  Crown 
latitude  44^  33' 

The  Moon  plainly  began  to  emerge 

Mount  ^ina  was  wholly  illuftrated 

Mount  Sinai  wholly  appeared 

The  Ifle  Bedncus 

BizoHtium 

The  Mount  of  Apollo 

Mount  Hercules 

Palus  ALecSis  begins 

The  greater  Ifle  in  the  Cafpian  is  reftor'd 

Pahis  Maotis  wholly  uncovered 

The  Moon  is  fully  illuminated 
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The  Penumbra  on  the  Side  of  Maraotis. 
40  The  true  Shadow  within  the  Disk. 
15  P/dus  Maraotis  in  the  Shadow. 

The  Beginning;  of  Mare  Emm. 
20  TheMount  oi^^ifc?/?^.  The  Middle  <tfA&r^£^«jii. 
40  The  Bqginning  of  the  Bay  of  Sirbm. 

The  Middle  of  the  Bay  ofSirbon^  and  Mare  JEgyp-^ 

'    tiacum. 
20  The  Beginning  of  the  Ifland  Cercinna. 
30  The  Southern  Lake. 
30  The  Middle  of  Cercinna. 
40  The  End  of  Cercinna. 

The  utmoft  Promontory  of  Mount  S^pber. 

The  Iflands  between  Sicify  and  Cercinna.. 

The  Beginning  of  Mauritania^  and  of  Sirus  fffper^* 
boreus. 
36    40  The  Middle  of  Sinus  Hyperboreus.  37 


20 

23 
25 
27 
29 

29 
29 

30 
31 
33 
34 

35 
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*  37  20  Mare  Paff^hilium.                           • 

37  30  Crete. 

37  40  The  Beginning  of  jEtna. 

38  40  The  Middle  of  y£/ffi».    M&j.    Carfi^boi. 

39  30  The  End  of  -^/w, 
41  Rhodes. 

43  40  The  Beginning  of  Sinai. 

45  TheMddleof  A&ir^.<^/tf//^tf/»  and  A'Mfk 

45  20  The  Eiid  of  5i>r«*. 

46  30  The  Middle  of  Adriaticum. 

48  40  The  Banning  of  Prapcjuis^  and  of  M^e  Hyperborcum. 

51  30  The  Middle  ^Propmtis^  and  the  End  dE  Admi^icum. 

52  40  The  Beginning  of  the  GreaUr  Black  Lake. 
12     53  10  Lacus  Tbrafumenus. 

53  30  The  Middle  of  the  GrAi/^ilZtfr*!^^. 

54  30  The  Beginning  of  the  Ifland  Besbycus. 

£g  10  The  Beginning  of  Pofftus  Euximus  in  the  Bay  &dmydejfus. 

g6  The  End  of  Prepentis. 

57  30  The  Banning  of  the  Lower  Euxbu  Sea. 

58  The  Beginning  of  i(yz^;i/lrivm. 

59  10  ■  The  End. 

59  40  The  Acherufian  PromontCMy* 

t        I  The  Beginning  of  Boryftbenes*    Apolhnia, 

I  30  The  Middle  of  the  Euxine  Sea. 

3  20  The  Middle  of  the  Aibeman  Bay; 

4  40  The  Marfh  of  Byee. 

5  40  The  Promontory  of  Heracleum. 

7  40  TheMiddlcofO<rM/.TheEndofthcfkrtherBayofPtf«/«jr. 

8  30  The  Middle  of  the  Lake  C^fdrtfiiiii, 

9  20  The  Beginning  9f  the  Pfomontoryt>f  Hereules^  and  of 

the  Cafpan  Sea.  '     ' 

i  I  40  TJie  Beginning  of  Palus  Amadoca. 

16  20  The  Middle. 

18  10  The  End. 

20  .The.bitter  Marfhes  and  the  Lefler  Lake« 

20  40  The  Greater  Lake. 

22  10  A  very  flender  lucid  Margin. 

23  20  The  whole  Body  of  the  Moon  in  the  Shadow. 

24  40  The  Moon*s  Disk  was  almoft  entire,  except  the  Mediier-^ 

ranean  Sea.    It  fliin^d  with  a  Kind  of  dilute  Bnghthef% 

fo  that  the  Seas  might  be  diftinguilhM  thro'  the  Tube. 

40  No  other  Spot  but  Palus  MieoHs  could  be  diftinguilh'd 

throu^  the  Tube.  ' 

45  The  middle  Disk  of  the  Moon  is  obfcured  more  and 

more^  the  Circumference  continuing  iM'ighten 
tVoL.  IV.  Nn  a    12 
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12  The  Bisk  of  the  Moon  Ihined  to  the  ndked  Eye  with  a 

reddifh  Colour,  nor  could  any  Spot  be  diftinguilhed 
through  the  Telefcope. 
15  The  whole  Disk  grew  more  and  more  obfcure^  the  Cir- 

cumference remaining  a  little  brightifh. 
28  The  Disk  was  brighter  over  againft  Palus  Mar^ctis^  and 

there  was  a  very  denfe  Shadow  towards  Pabu  Meotis, 
33  J^y  Degrees  the  whole  Disk  became  brighter  5  but  a  greater 

Obfcurity  covered  Palus  Maotis^  and  the  neighbouring 
Places. 
51     40    By  Degrees  the  Images  of  the  Seas  return. 
56     30    The  Euxine  Ses  and  the  Cafpian  continue  in  the  Middle 
of  Obfeurity,  as  it  were  cover'd  by  a  thick  Cloud. 
5  MareEoum  and  the  neighbouring  Places  might  be  difHft- 

guifh'd,  tho*  the  Moon  had  not  yet  emerged  out  of 
the  Shadow. 
The  true  Beginning  of  the  Emerfion.     '- 
Palus  Maraotis  begins  to  emerge. 
It  is  emerged. 
Mare  Eoum  b^ns. 

Sinus  Sirbonius  and  the  Egyptian  Sea  emerged. 
Cqffiotis  Reggio  comes  out,  and  the  Ifle  Circinna  fome  Mi« 

nutes  before. 
Mount  Athos  and  the  Ifland  Malta  come  outa 
Mauritania  emerges. 

■  Corftca  and  Sicily* 

The  Jdriatick  Sea. 

The  Middle  oi  Propontis. 

■■  Besbycus. 

— —  Byzantium. 

— —  Promont.  Acberuf, 

The  Euxine  Sea^  and  the  Middle  of  the  Cafpian  came  out* 

Palus  Maotis  begins. 

The  Cafpian  emerged,  and  the  Middle  oiMaotis. 

Maotis  emerged. 

The  Penumbra. 

All  the  Moon  entire. 

The  Shadow  feem'd  to  me  more  diftinft  in  the  Emcr- 
fion  than  it  was  in  the  Immeriion. 
The  Beginning  of  the  Eclipfe  in  the  true  Shadow* 
The  greateft  Obfcuration. 
The  Beginning  of  Emerfion. 
The  Duration  of  total  Obfcuration^ 
The  End  of  the  Emerfion. 
The  whole  Duration. 

I  ; 
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5    40    From  the  Beginning  to  the  total  Imtnerfion  of  the  Moon. 
5    40    From  the  Emerfion  of  the  total  Eclipie  to  the  End. 
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XXL  As  I  was  coming  from  London^  Sept.  18,  in  the  Evening,  lEclipfiofihi 
obferved,  for  Half  an  Hour  or  more,  a  thin  Shade  to  poffefs  that  Part  of  Moon,  Sept. 
the  Disk  where  the  Eclipfc  began,  which  rcrt^nM  a  good  While  after  the  u' J^flg;  J 
The  Com       Eclipfe  was  over.     After  I  got  Home,  I  got  all  Things  jkfr.  w.Der- 
in  Readinefs  before  the  Eclipfe  began.    The  principal  !»«•  n.  3*0. 
Obfervations  were  as  follow  :  •  P*  3 « 2. 

A  thin  Penumbra. 

A  darker  Penumbra. 

Yet  darker^  which  may  pafs  for  the  Beginning  of  the 
Eclipfe. 

The  Eclipfe  no  Doubt  begun. 

The  lucid  Parts  of  the  Moon^  not  long  before  the  Mid- 
dle of  the  Eclipfe,  were  925  Parts  of  my  Micrometer. 

Diameter  of  the  Moon  1634  Parts  of  the  Micrometer. 

The  End  of  the  Edipe  draws  nigh^ 

A  little  Objuration. 

Lefs. 

A  very  little^  excepting  the  Duskifhnefs  before  men* 
tioned. 

XXII.  In  the  laft  Lunar  Eclipfe  on  Feb.  2,  17O9-10,  the  Time  of  the  n^  Ataomt  •/ 
End,  (which  was  what  alone  the  Want  of  a  proper  Apparatus^  and  a  fa-  sht  Moon*i 
vourable  Sky  would  give  me  Leave  €xa6tiy  to  determine)  I  found  to  be  ^^^'Pfi*  ^c^- 
the  fame  (^ith  but  a  very  inconfiderable  Difference)  which  the  Calculation^  cimparcd^* 
according    to  Sir  Ifaac  Newton's  admirable  Thepry*  promifed  mc  to  with  the  Cal- 

CXpeft.  cdation,  by 

I  have  added  the  Calculation  from  Mr.  Ftamftead^s  Tables  according  ^^  "■  ^^^^' 
to  Mr.  Horrox's  Theory,  as  I  find  them  publilh'd  in  Mr.  »^/>»*s  Aftro-  ^J^  "*'  ^'^' 
nomical  LeAures,  with  the  Radtp^s  or  the  mean  Motions,  correfted  ac- 
cording to  their  firft  Author*s  later  Obfervations, which  are  the  fame  with 
thofe  aflumed  in  Sir  Ifaac  Newton'sThtory. 

By  comparing  thefe  two  Calculations,  we  may  obferVe,  that  tho*  moft  of 
the  aidditional  Equations  in  Sir  Ifaac  Newton*  s  Theory  be  very  fmall  in  this 
Situation  of  the  Moon,  yet  they  all  confpire  fo  as  to  make  its  Place  con- 
fiderably  more  agreeable  to  Observation,  than  thofe  of  Horrox^s  Syftem. 

The  Obfervation  was  made  at  Streatbam^  about  fix  Miles  near  direft 
South  of  London^  with  a  very  good  eight  Foot  Telefcope.  To  corredfc 
the  Clock,  (for  Want  of  an  Inftrument)  I  carried  With  me  next  Day 
two  Watches,  that  were  before  adjufted  to  the  Clock,  and  compared 
them  with  Mr.  Flam/lead's  at  the  Royal  Obfervatory,  having  firft  hoted 
its  Error  by  an  Obfervation  of  the  Sun's  Tnmfit  of  the  Meridian  hi^  Af- 

N  n  2  fiftant 
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fiftant  communicated  to  mc.  Upon  my  Return  I  found  my  Watebes 
flill  to  agree  together,  and  to  my  Clocks  which  preyed  them  Co  hilve 
gone  true,  and  gave  me  the  exaAEsror  of  my  Clocks  and  the  true 
Time  at  Obfervation. 

Mr.  Flafnftea4  h^  (in^e  fe^^n  plfi^ed  to  acquainj^:  me,,  diat  by  his  Ob- 
fervation  of  the  merididna^  Tfanfit  pf  the  JLyvn^s  Hisart  ducii^  the 
Ecltpfe,  his  Clock  needed  a  yet  farther  Corre6tion  of  ooe  Minute,,  whtch 
I  have  here  accoynt<d  for*  i7-r&  i^^.  A.H-  M  Sec 

The  mean  Time  of  ^e  mean  Oppofition  2.    4    9    42 

The  mean  Time  of  the  true  Oppofipofli  210  "54  48 

At  which  the  true  Place  of  the  Sun  is  10  24  55  50 

And  its  Equation  to  be  added. 

S.  J>.    ,  ^ 
^M^^^  Mean  Motion  of  the  Moon   *        *  '  ^      4    ^^  57  37 

JirlfaacNcw!!  Annual  ^Equation  Subtr.  ,  8:  3j» 

conV7*w>u    The  corre6t  mean  MoftQa  :  .      >    264903 

Mean  Motion  of  Apog.  11  18  13  54 

Annual  iEquatipn  ^  Apog.   A4-  14  3^ 

Correft  mean  Motion  of  Apog.  11  18  28  «5 

Second  ^q.  from  the  Dift.  of  Ap.  .from  Son  AA.  2     57 

Place  of  the  Moon  the  2*  Time-  -ffiquat.  4     2^6  52  00 

> Mean  Motion  of  Node  it  01   3425 

iEquation  of  Node  Subt.  ..  ^^ 06  54. 

Correft  mean  Motion  erf"  Node  11  01  27  31 

The  3*  iEquation  of  the  Moon  from  Node's  Alpe£t  with  >  la 

the  Sun  Subt.  J 

Place  of  the  Moen  the  3*  Time  Equated  4    ^^  5^  5^ 

Second  -Equation  of  Apog.  Subtr.  7    45  4^ 

True  Place  rf  Apog.  1^1  10  4^  44 

,         Mean  Anomaly        ,  05  16  09  06 

iEquation  of  Center  Sub.  1     S3  3^ 

Moon^s  Place  the  4th  Time  aequaced  4    24  58  19 

The  Variation.    Ad.  11 

Moon*s  Place  rfie  5th  Time  aequated  4    ^4  58  3^ 

The  6th  Equation  from  the  Diftance  of  Luminaries  andl  i    20 

Apog.     Ad  J  ■    ■' 

'  Moon*s  Place  6th  Time  aequatcd  4    ^4  59  5° 

The  7th  iEquation.    Ad.  34 

True  Place  of  the  Moon  in  its  Orbit  4    ^5  00  24 

True  Place  of  the  Sun  10  24  55  50 

Moon  beyond  the  Oppofition  4    34 

*  Which  divided  by  the  Horary  Motion  of  Moon  from!  7    4^ 

Sui>>  gives         .  jD'  H. 

The  mean  Time'  thetcfoKC  of  Oppofit-  Fci.       2     10  47  ^° 

And  the  true  Time 2.    10  32  to 

Mcaa 
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Mean  Modon  of  die  Moon  4    i€  57  37  "^^J^*  'f 

•Ph,n£4  fart*  Sub,  8    zxtlZo%. 

"  Horrox*/ 

Co»ca:  mc«  Motiair  4    26:  49  |6  »/«nu 

M^aaMoBP*of  Apog.  II  18  13  54 

^Equation  of . ApOg.  Subv  7     25  00 

Mean  Anomaly  '      5     16  po  a2 

Equation  of  .the  Center  Sub.  ^     53  53 

Place  of  Moon  in  its  Orbit  4   .24  SS  ^Z 

Diftance  from  the  Oppofition  %^ 

That  is  in  Time  to  be  added  454. 
The  me$a  Time  therefore  of  true  Oppofirion- is  cx-l  jD»\a.    . 

:  :aaiy  J  2^    1^55  33 

TheapuareMTHo^  a     10  40  41 

Place  of  Mq(hi  ia  EcUptick  4    24  57  27 

Redu6tion  between  the  true  Oppofition  and  Middle  of  1  i  47 

Eclipfe.   Ad.  JD.  a 

Middle  of  Eclipfe  a     10  43  34 

Continuance  of  Eclipfe  2     55  06 

Digits  cclipfcd  9     55 

Beginning  of  Eclipfe  2-91601 

End  of  EcUpfe  la  11  07 

End  of  Eclipfe  by  the  Moon's.Place  from  Sir  T/ii^c  AT^w-l -f-*--.--*— — - 
tori%  Theory  >       12  02  oa 

End  by  Obfervation  12  01  3a 

End  by  CalcuJadon  fwMTi  Horrex^s  Theory  •  la  u  08 

The  Error  therefore  of  Sir  Ifaac  Newion^sThcrtory  is  by  this  Obfer- 
vation but  half  a  Minute^  or.  none  j  of  Uorrox*%  Syltem,  nine  Minutes 
and  a  Ha}f« 

XXin.'  The  Evening  being,  clear,  gave  me  a.  good  Opportunity  ofEcnpfi^fthe 
abfenring  the  Lunar  Eclipfe.  The  Times  are  very  nice,  and  the  Obfcr-  ^']^']^^ 
rations  made  with  aa  excellent.  Six-foot  Telefcope,  as  foUoweth.  UpminftCT,  h^ 

Mr.W.Der- 
u        >  .  ^MiDy  n.  336* 

6.   /§    A  Duskiffinefs  upon  the  N.  Eaft-fide  of  the  Moon.^  P'  5"' 

6    361    A  thiclL  Femmbra.  oa  the  Moon. 

6    37,    The  Penumbra  fo  denfe,  that  it  rnay  be  tafeei)  fpr  the  Begin- 
ning of  the  Edlipfe. 
6    39    The  Eclipfe  undoubtedly  is  begun. 

6    41    The  Shadow  fo  dark,,  that  it  nearly  hid  the  Moon's  N.  Eafter* 
ly  X-imb-  „    .    - 

■  I       r  . 

I  *.  ■  .  i  ■  •  "  ' 
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EcUpfes  of  the  Moon. 

Moon*s  Diameter  by  the  Micrometer  1612  equal  Parts,  equal 
to  31'  25"^ 

The  Diftaijce  of  the  Shadow  from  the  oppdite  luminous 
Limb  of  the  Moon,  reprefented  by  the  Line  /.  if.  was  1025 
Parts  of  the  Micrometer,  equal  to  20  Minutes. 

End  of  the  Eclipfe  is  very  near. 

End  of  the  Eclipfe. 

45^'  Eclipfe  is  undoubtedly  ended. 

A  Penumbra  is  left. 


It  unluckily  fell  out,  thai  I  difordered  my  Micrometer  at  the  Be^- 
ning  of  the  Eclipfe  j .  fo  that  I  could  not  take  with  any  Exa£hiefs  the 
Inclination  of  the  Cufps,  and  fome  other  Matters  I  had  a  Mind  to  have 
obferved  •,  to  fupply  which  Defeft  in  fome  Meafure,  I  have  fcnt  a  ^yfe 
of  the  Eclipfe,  as  well  as  I  could,  by  Guefs.  And  from  the  fame  Dc- 
fed  I  cannot  warrant  the  Mkromeixical  Meafures  of  the  Moon's  Diame- 
ter, and  her  eclipfed  Parts  to  be  otherwife,  than  fomewhat  near  the 
Truth ;  perhaps  not  exa6Uy  true. 

A  I'ype  of  the  Lunar  Eclipfe^  Jan.  12,  1711-^12. 

m.  u  X.  r.  reprefents  the  two  Clafpers  of  the  Micrometer,  parallel  to 
the  Equator. 

N.  The  Northern,  S.  the  Southern  Part  of  the  Moon*s  Disk,  running 
between  the  Clafpers  of  the  Micrometer. 

i.u.  The  enlightened  Part  of  the  Moon,  being  1025  Micrometrical 
Parts,  or  20^ 

i^m  forry  I  had  not  Hevdius*^  Map  of  the  Moon>  to  have  noted  the 
Spots  die  Shadow  paffed  oven 


XXIV. 

Eclipfe  of  the 

Mom,  oa. 

30,  1715,  ta 
Wanfted,  h 


The  Eclipfe  had  been  for  fome  Time  be- 
gun 

The  Moon's  Diameter  meafured  by  a  Micro- 
meter was 

The  Chord  connefting  the  Horns 

The  enlightened  Part  of  the  Diameter  conti- 
nued to  the  Chord  between  the  Horns 

The  enlightened  Part  of  the  Diameter 

The  fame  repeated 

The  fame  repeated 

The  enlightened  Part  of  the  Diameter  conti- 
nued to  the  Chord  between  the  Horns 

The  enlightened  Part  of  the  Diameter 
04  The  fame  repeated 
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II 

12 

18     34The  fame  again  repeated 

23    45  The  Chord  between  the  Horns 

/      // 
09    07 

32     35 

13 

26     30  The  fame  rq>eated 

33    07 

H 

16    31     1 6.The  fame  again 

33     19 

At  which  Time  alfo  the  Shade  pafied  diro*  the 

Middle  of  Scbikardus 

15 

37     1 5  The  Chord  between  the  Horns,  agreeing  with 

the  D's  Diameter 

iZ    57 

16 

40    45|The  inlightned  Part  of  the  Diameter 

II     56 

17 

43    40 

The  iaxRt  produced  to  the  Chord  between  the 

Horns 

16     13 

18 

46    55 

The  fame  repeated 

17    28 

19 

47     57 

The  inlightned  Part  of  the  Diameter 

13    38 

20 

52     57 

The  fame 

»5    30 

21 

55     27 

The  Edge  of  the  Shadow  paflcd  through  the 

Middle  of  G<3/W«x 

22 

56     12 

The  inlightned  Part  produced  to  the  Chord 

between  the  Horns 
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The  Chord  between  the  Horns 
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32     50 
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40 

34     12 

13     48 

41 

17    35     20 

The  iame  again  repeated 

II     42 . 

At  17*.  39^  the  Eclipfe  was  thought  to  be  ended;  and  was  vifibljr 
feat  17**.  41^:  But  by  comparing  the  laft  Obfervations  of  the  Chorck. 
bttwecn  the  Horns,  it  follows,  that  the  true  End  of  the  Eclipfe  wa&^ 
^if.  3j8^-  2o^^    At  17^43".  the  Moon^s  Diameter  was  33^  40^^. 
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The  middle  cannot  be  fuppofcd  to  be  very  accuratdy  deteniiioed 
by  thefe  Obfervations,  which  are  not  fuffii^iently  difbtnt  from  the  Time 
or  the  greateft  Obfcuration*  However  by  camparing  feveral  of  them 
together,  the  Middle  will  be  obtamed^  viz. 

h 
By  Obf.  3.  corfipa«d  with  Obf.  24.  at  16 

By  Obf.  4.  compared  with  Obf.  22.  at  i6 

By  Obf.  5^.  compared  with  19.  and  20.  at  i6 

By  Ob£  6.  and  7.  compared  with  16.  Jtt  16 

By  reafon  of  Clouds  I  could  not  fee  the  Banning  of  the  Eclipiie^ 
nor  make  fuch  Obfervations  of  the  Moon's  inunei^ng  into  the  Sha- 
•dow^  as  I  did  of  her  emerging  out  of  it. 

By  Obfervation  11.  compared  with  Ohfervatioii  15.  the  Digits  eclipfed 
were  S^. 

The  Angles  were  meafured  by  a  Mscrtmeter  in  a  15  Foot  Telefcope : 
I  have  not  confidered  how  far  they  are  confident  with  one  another  5 
they  being  fet  down  here  exaftly,  as  they  were  firft  taken. 

This  Eclipfe  is  the  nwre  confiderable,  as  happening  very  near  the 
Moon's  Perigee^  and  therefore  ufeful  to  verify  her  Anomaly  ;  as  alfo  to 
Jimit  the  greateft  Diameter  of  the  Shadow  of  the  Earth,  and  confequent- 
ly  the  Parallax  of  the  Moon.  This  may  very  properly  be  compared 
with  that  of  the  i^tb  diO^oher^  1697,  whofe  middle  was  at  7^  41'. 
P.  M.  at  London^  and  Quantity  the  fame  as  now. 

The  Times  by  the  Clock  were  17^.  45^^.  fooner  than  the  apparent 
Time,  as  were  found  by  the  following  Obfervations  of  Cor  Lems  and 
JrSuruSj  which  thi'ough  the  Clouds  were  but  juft  difcemible. 


Apparent 

Zenith 

Diftance 


of  Cor  a 

70    16  i 

€9  38 

€9    09 

68     40 
68     08 


of  Ar&ur. 

6s    06 
64    41 

^3    47 


Time  by 
the  Qock 


h 
13 


/  // 

31  43 

36  50 

40  06 

43  09 

40  37 


17 


37  40 

39  la 

41  49 

47  40 


Apparent 

Time  by 

Calculat. 


/  // 

13  50  35 
54  44 

57  51 

14  00  59 

04  26 


17  55  24 
56  48 
59  29 

18  05 


1 


TheDit 
fcrence 


/  // 

'7  54 

17  45 

»7  50 

17  59 


17  44 

17  z^ 

17  40 

17  37 


Mean 
DifF. 

/      // 
J7    50 


17    40 


Clock  too  flow  17    45 


The 


QifirvaVoHi  ,m  the  Heaomt 

\  TRe  IiaHtuSe  of  WSnJtlt  Is  51^  ^4^.    its  Longiiwdi^  li  8^^  in  Tiaif 
taftward  from  the  Obfervatory  at  Greemvkb. 

N.  B.  Tbi  Jcccunt  given  of  this  JEclipfe  by  the  Reverend  Mr.  Williaifd 
Derham,  who  ciferv'd  it  at  Upminfter^  is  agriesble  to  tbis^  as  far  #/ 
Qtmis  would  permit  bim  to  ohferve. 


%^\ 


Time  \rr  j    Time 
the  Clock,  correfted. 


*rm^mmmm^m*m^m 


Objeroations  ef  SATURN.     171 1.     1712. 
Fridojf^  Jan.  5,  171 1. 


10  14  26:10  14  41 

11  II  38  II   II  53 


Diftance 

from 
rheZcnith. 


The  Heel  ol  Cafior  ia  n  pafsM  over 
In  the  Grob  of  Pollux  the  Star  A  pa&'d 
over  ■    ■ 

12    4  45; 1 2     5  GO  Stf/«rw  pafs*d  orer  — — 

Saturn's  Right  Afcenlion       11 9.01 .00 
Diftance  from  the  North  Polc68.55.20 


28  50  10 
28  59  00 

30  23  20 


Sunday^  Jan.  7. 
II     2  53'ii     o  31!^  in  <?«»/»/ pafi;*d  over  -— 

II  50  3&'ii  48  i4/Ainthe*NortherriFootofsBpafe*dover 

11  55  22'i'i'53"ool^^^/anrpafsM  over  — — — 

12  15  ^r  12  13  19;"  in  C<wr^  (according  to  Aiy^)  pafs'd 
I      over  

12  26  i8  12  23  56j>  in Ctf»^^,thc Northern  Afspafs'd over 

[Saturn's  Right  •  Afcenfion       1 1 8.52 .00 

[Diftance  from  thcNorth  Pole  68.53.50 


28  59  20 

29  5  ao 

30  21  50 

30    4  30 

28  59  50 


10  58  35 

11  50  46 

12  II  25 


Mondny^  Jan.  8. 

10  57  491^'^inGartiWoafsM  over 

11  50  oolSaturn  pa6'd  over 

12  10  50U1  in  Cancer  pafs'd  over 
\Satum*s  Right  Afcenfion 


118.46.30 
Diftance  from  the  North  Pole  68.52.35 


28  59  15 
30  20  35 
30    4  25 


9  45  53 
10  32  27 

"  10  54 


'  Tburfday,  Jan.  25. 
9  46  26^  in  Gemini  pafs*d  over 


10  33  00 

11  II  27 


Saturn  pafs'd  over 
/  in  Cancer y  the  Southern  Afs  pafs'd  ovd* 
Saturn's  Right  Afcenfion  -11 7.2 3.00 
Diftance  from  the  North  Pole  68.36.00 


28  59  10 
30  4 .00 
32  17  50 


XXV. 

Obiervfttidaif 
m  ii#Hea- 
veni  4tf 
(yfccawichy 
1711,  tyit, 
hMr.]. 

B.  337.  P-  6f 


Vol.  IV. 


O  o 


Saturdof^ 


2S2 


OhfervattMi  on  the  Heavem*^ 


Time  by 
the  Clock. 


Time 
corrcfted. 


9  Z7 
lo  13 
10  23 
10  40 
10  50 


25 
II 
23 

16 


9 
10 

10 

10 

10 


38 
13  48 


24  00 
41 
50  53 


36  rf 


Saturday^  Jan.  25,  1711. 


cf  in  Gemini  psSs^d  over  ■ 

/  under  the  Side  of  Pollusc  pa&*d  aver 
Safurn  pafs'd  over 


behind  the  Tail  of  o  pa&'d  over 
w  in  Ctfur^  pa(s'd  over  ' 

Saturn* s  Right  Afcenfion       117. 14.00 
Diflrancc  from  the  North  Pole  68.34.30 


I^ftance 
from  the 
Zenith. 


28  59  20 

30  2  30 
32  14  10 
30     4  35 


9  29 
10  14 

10  33 
10  42 


45 
50 
20 


9 
10 

10 


3510 


Tbur/dayj  Jan.  30. 
26  55JJ^  in  Gemini  pafs'd  over         — — 
1 2  00  Saturn  pafs'd  over         — -^    — 
30  30  </  in  Cancer  pafs'd  over  «— 

39  45  •  in  Cancer  pafsM  over    —      — 

Saturn^ s  Right  Afcenfion       1 1 7.00. 30 
Diftance  from  the  North  Pole   68,3  2.00 


28  59  40 
30  o  00 
14  10 

4 


32 
30 


45 


8  18 

8  27 

9  2 
10  39 


3^ 
II 

50 

59 


8 
8 

8 

10 


Weinefdayy  Feb.  28. 
15  o<^atum  pafs'd  over  ^  I29  43  00 

23  39L  pafs'a  over  in  the  Northern  Foot  of  29     5  40 
the  Crab  ■        — 


59  18 


The  Northern  AfSj  y  of  the  Cr^^,  pafs*d  29    o  20 


over 


36  27 >  the  bright  Star  of  the  lam^s  Neck^o  12  05 
pafsM  over        ■  — — — 

Saturn^ %  Right  Afcenfion        1 1 5. 3 1 .  30 
Diftance  from  the  North  Pole    68 . 1 5.00 


8  14 

8  22 

8  5.8 

10  35 


5 

47 
28 

36 


8 

8 

8 

10 


Tuefday^  March  i. 
1 1  od^Atum  pahM  over      — — 
19  42f*  in  Cancer  pafsM  over    — 
55  23  The  Northern^  Afs  pafs'd  over 
32 


31  The  bright  Star  of  the  Lion^s  Neck^o 
pafs'd  over  ■ 

Saturn^ %  Right  Afcenfion       115. 30. 30 
Diftance  from  theNorthPole    68.14.50 


29  42  50 

29     5  35 
o  15 

12  00 


29 


17  21 

17  29 

18  13 


12 

49 
25 


Friday^  Nov.  9. 
17  21  23JThe  Star  following  »  in  the  Crij^pafsM  35  21  10 
I    over  ■  ■■■' 

17  30  oo^/«r»  pafs'd  over      ■  ■  ■         34    9  50 

18  13  36  The  South  Star  9  in  the  Lion*s  Neck  33  18  50 

pafs'd  over         ■  ■ 

i&j/«r»'$  Right  Afcenfion       136.58.00 
Diftance  from  theNorthPole    72.42.00 


12 


MewJm 


Obferoatiom  m  tkeHioveHs, 


I  Tune  by 
the  Clock. 


201 


i6  46 

16  59  31 

17  »9  59 


Time 
correded 


6 
16 

17 


41 
54 
44 


33 


Meniaji  ffyo.  19,  1711. 


oo|<S'itff(ni  pafs'd  over     ' 
A  Tddcopic  Star  a  pals'd 
the 


ever    — 
Dch's  Nefk 


The  South  Star  •  in 

pafs'd  over 
So/sni*^  Right  Afcenfion       136.58.30 
Diftance  from  the  North  Pole   72.40.05 


tHftanee 

from  the 

Zenith. 


34  8  06 
33  45  30 
33  18  30 


16  24  36 

33  06 
46  27 

17  16  51 


t: 


—  Tburfday^  Nov.  22. 

16  19  3oTheStar  following  t  in  Cancer  pa&* 

over  i  — 

16  28  t>o  Saturn  pafe*d  over  — 

16  41  2  itTheafordaidTdcfcopic  Star  pafs'd  aver  33 

17  II  45!The  South  Scar  in  the  Ii/OT'ijV(f^/(pais'd  33 

over  — ~  ■ 

ISatuTffs  Right  Afcenfion        136*55-45 
jDiftance  from  the  North  Pole  72.39.00 


21  3c 

6  50 

45  10 
18  30 


II     9  43 

13  29  25 
13  49  01 

H  39  50 


Sunday  J  Dec.  30. 
10  52  42>  in  the  Right  Foot  of  Gemini  pafsM  34  51  30 

I    over  ■  — — 

13  12  24 The  Star  before  o  in  Cancer  pafsM  over  35    4  00 

13  32  ooSaium  pafe'd  over     — —       — ■       33  30  00 

14  22  49Thebr]ghtStar  intheIi^/rViV!rribpafs*d33  18  40 

over  ■  

Saturn* s  Right  Afcenfion      1 34.  i  o.oo 
Diftance  from  the  North  Pole  72.  2.  5 


"  Saturday^  Jan.  12,   17 12. 

11  39  52  II  33  o6f  at  the  Tail  of  Cancer  pafs'd  over  — J32 

12  40  46 12  34  00  fatum  pafs'd  over  ■  13  3 

12  43   16 12  36  30  The  Star  following  ^m  Cancer  pafs'd  35 

over  — —  —        j 

13  36  4413  29  58  The  ZjWj /fetfr/ pafs'd  over        —    (38 
Satum*s  Right  Afcenfion       134-1 2.00J 
Diftance  from  the  North  Pole  71.44.00) 


59  10 
12  00 

22  20 
6  65 


II  45 
II  58 


31 
14 


12  II  36 
12  20  00 


II 


12 


Saturday,  Jan.   19. 

36  55  The  5wi/Ami -^  pafs'd  over    —    ^32  17  ic 

49  38  The  Southern  Star  at  p  in  Cancer  pafs'd  35     3  50 

over  ■■  — 

3  00  ^tf/irnf  pafs'd  over  — —         33     2     5 

II  24 The  Telefcopical  Star  *  pafs'd  over  —  32  33  20 

Satnm^s  Rignt  Afcenfion       i33-37*oo 

Diftance  from  the  North  Pole  7i>34,io 


o  2 


Sunday^ 


283 


1% 


(Hfipuaiiour  9ft  the  Hm{^ifi 


I  niK 


—Cy  Jupiter. 


Titaieby 
die  Clock. 


Time 
corredted. 


10  S7  SP 

11  10  54 

II  21   19 
II  32  20 


12  28 
-  39  '^i 


Stindas^^:^M.^y^  iTji^. 


II     431  The  Sontherrv  A&  psUsM  a?<r«r     ,_     . 
"1 7 :  35  The  Noithcrrf  Star  at.^.of  C|f<^.^fs*d 
over  ^  •*^i«p-  .-^ 

bolSatum  pafsM  over 


T 


The  Tdcfa^iftsac  i  .ps^^  over  — ^ 
Sutum'^  RightfiAfeenfioft  .  1 3  2. 5  8 ,  oo 
Diflancefirom  the  Notth-P<^e  71.22.20 


Diftance 

From  the 
Zcn'ttii. 


3^   17  <P 

3+  48    IQ 

32  50  20 
3a  33  25 


7     8 

7'  20 
•7-36 

7  39 

8  31 


46 

35 
50 

36 
51 


7  ~7*'4i 
7  ^9  '30 
T35  45 

7  3^*31 


The  Sotttkem-Ars  paik*^)Ortr 
Solum  pa6'd/  over 

The    preceding  Star  at.  ^  in  Cancer 
pafs*  drover 


The  Subfcquent  at  ^  pais'd  over      — 

8  30.  46The  Saiitl»m.;Star  ia  tht  Lion^s  Neck 

pafs'd  oirer  ■ 

Satum^s  Right  Afcenfion      -i  30.02.0a 

Diftance  from  the  North  Pole  70. 35.30, 


32 

32 

35 

35 
33 


16  50 
03  30 

19    10 

21   20 
1 8  40 


-'Friday^  Nov.  7.  ^ 
18  17  I3|i8  22- oo|&«/«i7r  pafe'd  over  r— —          37 

18  26  1318^-31  00 Star  in  th^ Lkn  markM  40  xnBriiip^i 

'    I    CalaL  pafe'd  over  

18  28  35 18  2T  22'Star  marVd  41  in  the  fa^ne,  pafs*d  over  40 
ISafum^s  Right  Afcenfion       1 50. 1 5 . 3  o 
iDiftancc  from  the  North  Pole  76.29.40 


57  30 

14  10 

15  20 


Monday^y  Nov.  17. 

^7  33  i"9|^7'34  sgT^^^ Lion^s  H^rt  pafs*d  over    

17  42  2017  44  oo5j/tfr»  pafs'd  over  — '— 

17  57  4817  59  28  P  ntsx  x\\^  Idon's  Breaji  pafs'd  over 

18  14  19  18   15  59?  in  the  Zifl^VjB^//)?  pafs'd  over     — 
^atflnfs  Right  Afcenfion       150.31 .00 

JDiftance  from  the  North  Pole  76.33 .00 


38 

40 
39 


7  20 

00  50 

41  45 
24  50 


Obfervations  of  JUVlT^'R.y  1711. 


12  44  28*12 


13 


52  40 

8  44 
15  43 


13 


Saturday y  May  26. 
39  44|The  Sur  mark'd  58  in  Serpentarius  of\y6  1 2  00 

I     the  Britijh  Catalogue  pafs*d  over 
47  56;The  Nebulous  Stars  markM  a  in  SagU 

iarius  pafs'd  over       '  • 

4  oojupitcr  paftM  over 


10  59  Stir  mark*d  1 1  oi  Sagittarius  pafs'd  over 

.  _.  y«p//cr*AR  ight  Afcenfion      2  70.  i  g ,  00 

Diftance  from  the  North  PoTe  i  1 3.11 .50 


75  39  20 


74  37  ^ 
72     5  20 


clK.Clookl. 


Thnr- 
correAed. 


» 0^7  24 


Ohfervattons  on  the  Heavem. 


10  43    2  The  middle  Star  of  the  Forehead  of  *>i9 
/Wb*d  ovw— 


^V.'ti\    Will     M 


1    <'.*■»■ 


biftance 

SuneUyy  Moff  27,  1711.  t  ^fora  die 


5324  Thajnrfc(bDpB4Star  c  preceding  Jufiter  75  * "7^ 50 

13  00  CO >}>'V^  pafa5d  over  .„.  r-         74  36  50 

•^  7  3^1  TheStaroiiarkM  J  i  diSagit.  pafsM  overi72  ,  5 ,20 

'    7li?//ir^sRigfe:AfGenfioo      270.11.00 

^  {Diftancef rcMu  thclfanh Pole  1 1 3. 1 1 .40 


Zenitb. 


75^M>oo 


10  15  41 


I!2 
12 
12 


14  II 

17  09 
28  56 

8  36 


10  10  45  The  middle  Star  in  the  Front  of  Scwfh  73  4  2 

^pafeM.  6Ver  ^'  •      r-r*- 

i5TheNcb!ilousStars^ofS^iV*pafs'dover75  10  20 

1 3  ThfcNebulou^Stare4ofiia||»/>paft:dov^r  75  39  30 

x>oJupiteri^^dLOV^t  :  — —       74  38  00 

40The  prccedingStar  in  the  Eye  ofSagiS.  74  29  15 

^  pafs'd  over  .  — 

Jtqfiter^s  Right  Afcenfion     .  269. 1 5.00 

Diftanc&  from  theNortjfi  Pole  11 3. 12.  go    ^ 


12     9 

12  12 

12' ^4 

13  03 


10    II    51  LO       7    19 


12 

12 

13 


10    18 

24   32 

■  4  45 
5  41 


12  5 
12  20 
13-  o 

13 


Mindayy  June  4. 
The  rAiddle  Star  in  the  Front  of  Sccrph 

pafs'd'ovcr 
T  he  Nebulous  Stars  h  cSSagU.  pafs'd  over 
Jupiter  pafs'd  over 
1 3  The  preced.  Star  at  v  in  S apt,  pafs*d  over 
The  fubfequentStar  at  r  pafsM  over  — 
Jupiter^s  Right  Afcenfion  269.07.00 
Diftance  from  th^  North  Pole  1x3. 13.90 


46 

00 


I  09 


73  12  00 

7S  10  20 

74  38  .10 
74  29  10 
74  24  50 


9  5^  J^ 


II 
12 


441 


I 


50 

2!    II 

45*    8 


Saturday^  June  9. 
9  49     51"^^^  middle  Star  in  the  F^ront  of  Scorpio 

pafsM  over  

1  47  33  The  Nebulous  Stars  b  pals'd  over    — 
1 1 '  59  •  00  Jupiter  pafs'd  over  — 
12*41  57  The  preCed.  Star  at  y  in  ^agit.  pafs'd  oyer 
Jupiter's  Right  Afcenfion      268.23.00 
Diftance  from  the  North  Pole  113.13. 15 


73  II '551 

7X.?o'i5 

74  3^125 
74  ?9i 10 


9  48  22 


46  51 

'57  44^ 
41   I 


•9  44 


41 


"  43 
II  54 
i  37 


Sunday^  June,  loi 
38  The  middle  Star  in  the  Front  of  Scdf^o  73  1 2,  00 

pafs'd  over  I  —  \ — 

07  The  Nebulous  Stars  i  pa/s-'d  over    ~-.  75^10  1 5 

oJ«^//^paf^*d  over. 7438.35 

30  The  preced.  Star  at  v  in  Sagit,  pafs'd  over  74  29'  1 5 
,  Jupiter's  Kight  Afcenfidn  -    268. 1 6.45  • '       \ 
Diftance  from'  the  North  Pole  1 1 3 .  i  g .  2  5 


2^5 


286 


•J 


Ohfervations  on  the  Heavfifu^ 


Time  by 
the  Clock, 


8  58  10 

9  10  32 
9  21  6 
9  40  49 


Tune 
corrcftecL 


Saturdofj  Jutj  14,  1711. 


8  50    4  48  of  SerpeniariuSj  or  C  pafe'd  oyer  — 

9  2  26  54  of  the  fame,  or  D  pafs'd  over  — > 
9  13  oo5^///^  pafs'dover  ■  ' 
9  32  43  fit  in  the  Bow  of  Sugittary  pafsM  over 

Jupiter^ %  Right  Aicenfion      2  64. 1 2 .  30 
Diftance  from  the  North  Pole  113.1 2*40 


from  liie 
Zenith. 


75     7. 20 
72  56  00 

74  37.  50 
72  31  30 


8  S4     8 

9  6  28 
g\6  44 
9  36  46 


Sundajfy  July  15. 
8  46  2^C  oi SerpentartHS  pa&'d  over    —   75 

8  58  44  D  oi  Serpentarius  pafs*d  over       — ^   72 

9  9  oo^yupiter  pafs*d  oyer  ■         74 
9  29     2'/x  (£  Sagittarius  pafe'd  over         ,  72 

'Upiter's  Right  Afcenfion      264.07.45 
^iftance  from  the  North  Pole  1 13.12.40 


I 


7   20 
56  00 

37  50 
31  35 


11  36 

12  44 

12   45   42 

12  57  49 

13  16  24 


7«*y2fay,  7«^  3,  1 71 2. 


12  25  i4|<rundertbcEyeofG»?w<?r»pa(s'doverJ7i 
12  55  *"     •"  '^-*—*'-— ••<  xi^r..  ~-.r„»-4   -.„-. 

12  34 

12  47 

13  5 


■■  in  Capricom*%  Nofe  pafs'd  over  — — 
f  in  C^riunm  pa&'d  over 
oomv^V<r  pals'd  over 


»7 
53 


35 


20  inCt^ricom  by  the  £n/^  Catalogue 

pafs'd  over  — — 

JupiUr^s  Right  Afcenfion      306.09.20 
ENftance  from  the  North  Pole  no.  0.30 


70 

70 

71 
71 


24  40 

33  00 
09  50 

20  20 
3i  »o 


ti  39 

34I 

55 

I 

12  19  53l 

.     24 

38 

Thurfday^  July   15. 
33'^  in  Capricorn  pafs'd  over 
00  Jupiter  pafs'd  over 


"  39 

11  55      ^.  . 

12  19  52I20  in  Capricorn  pafs^d  over 
12  24 


57  »  in  the  Body  of  Capricorn  pafsM  over 

'Jupiter's  Right  Afcenfion      304.34.35 

iftance  from  the  North  Pole  1 10.23.30 


71 

7^ 
72 


24  45 
49  20 
33  10 
^3^5 


7  32  37 

7  38  41 
7  42  28 


JVednefday^  Sept.  17. 
7  31  56  The  Telefcopic  Star  preceding  5^/^72  40  4c 
pafs'd  over 
38  00  Jupiter  pafs'd  over 


7  41  37  The  Telefcopic  Star  following  7*[?^*^^ 
pafs'4  over  — 

Jupiter^s  Right  Afcenfion      299^43.00 
iDiftance  from  the  North  Pole  1 1 1.25.30 


72 
7i 


51  10 
14  4fl 


7  3^  65 

8  19  47 


Friday^  Sept.  19. 
32  00  7«///^  pafs'd  over 


■*!■ 


8  zo  gin  in  Capricorn  pafs'd  over      — 

iTi^p/V^'s  Right  Afcenfion      299.45.00 
Diftance  from  theNorthPple  1 1 1.2 


72  50  45 
7a  23 


Obferyaiiom  on  the  Heavens  < 


B  5i  31 


6  31  3o3^/«rpa6'd  over      •     7a  39  5° 

6  42  i7oinCa^<^«**siVtf/ipafs*dovcr  70  56  25 


o  in  G»/>nV«rw'3  iVic*  pafe'd  over  ■ ,70  33  30 

Jupiter's  R'l^  Afcenfion      300.39.001 
Diftance  from  theNorthPoic  tii.i4>io| 


Oifervations  «/M  ARS,  1711. 


Sunday,  Jan.  7 
12  38  56|The  Southern  Star  at  0  in  Cfl»f«-  pafs*d 

over 
12  39  17 


The  Northern  Star  at »  in  Canter  pals*d 
over 


13  27  15 

13  50  52 

14  00  39 
14  30  H 


12  57    6  The  fubfequcnt  Star  at  *  in  Cancer  s5  21  20 

pafs'd  over  — 

,|,  in  the  IJy««  pafs*d  over  -" 36    8  50 

The  Southern  Star  at  «  in  the  Lion's  3^  19  00 
JVir<:*  pais*d  over  — — . 

Aforj  pafi'd  over  34  513° 

*  the  Northern  Star  in  the  Liangs  Belly  35  45  40 

pafs'd  over  '  — 

Mars*i  Right  Afcenfion         1 50.20.00] 
Diftance  from  the  North  Pole  73-23-35 


13  25  36 

13  49  »3 

13  59  00 

14  28  35 


35  04  00 
34  48  00 


32  14  10 

30    4  35 

32  14  00 

33  »9  00 


Saturday,  Jan.  27. 
10  40  59'io  41  30J20  of  Cfljw<r,  or  the  firft  at  </ pafs'd  over 
10  50  16  10  50  47«inCtfW<r  pals'd  over  ' 

12     82912     9  00  A^J  pafs'd  over  ,   ■  ■      ,    ,-  . 

12  25  27  12  25  58»the  Southern  Star  in  the  Lton  s  Neek 

'  I  I    pafs'd  over  

12  37  5912  38  3o'>.  the  bright  Star  in  the  Liof^s  Neck^o  11  50 

I  pafs'd  over  — 

Afor/s  Right  Afcenfion        143.37.00 
Diftance  from  the  North  Pole  70.36.00 


Monday,  Jan.  29. 
12     I  50I11  59  oolA&rj  pafe'd  over 


12  21  58 
12  34  31 


12  19  o8»in  the  liwi  pafs'd  over  — 

12  31  41  y  the  bright  Star  in  the  LiWj  Neck 

pafs'd  over  '■  

Afiwi's  Right  Afcenfion       142.49.30 
Diftance  from  the  North  Pole  70.30.50 


31  58  50 
33  »9  05 
30  II  50 


287 


^uefday. 


2m 


i    J-^    lV^J^■r^v^^^K} 


Obfervattom  on  we  Heavens. 


Time  by 
the  Clock. 


Time 
correfted. 


lo  33 

10  42 

11  56 

12  17 
12  30 


30 

35 

5 

49 
20 


^uefd(^j  Jan.  30,  1 7 1 1 . 


8  27 

9  2 

9.31 
10  27 

10  39 


10  30  25(zo  of  Ganc^y.orfirftat  ^pafs'd  over 

10  39  30 1,  of  Cancer  pafe'd  over  — — 

1 1  53  00  Mars  pa&M  ever     *       — - 

12  14  44i|  in  the  Lion  pafs'd  over  *— 
12  27  i5^in  the  litfiipais'd  over 

Mars*s  Right  Afcenfion        142.25.00 
iftance  from  the  North  Pole  70.23.35 
Wednefday^  Feb.  28 


Is 


Diftance 

from  the 

Zenith. 


32 
30 

3« 
33 
30 


14 
4 

II 


1 


10 

45 

35 

5 

50 


II 

50 

*3 

28 

39 


8  23  58 


59 
28 


ju  in  the  Northern  Foot  oi  Cancer  pafs'd 
over  — .^—  


37  >>  the  Northern  Afs  pafs'd  over 
00  Mars  pafs'd  over '  — 

10  24  15  ■  in  the  Ii»»  pafsM  over 
10.  36  26  y  in  the  LUm  pafs'd  over 
Right  Afcenfion  of  A£zr^ 


133.45.00 
Diltance  from  the  North  Pole  68.37.10 


8 
8 

9 

ID 
10 


22   47 

8  19  27! 

58    2> 

8  55    8 

26    20 

9  23  00 

23   04 

0  19  44J 

ZS  3<> 

10  32  16 

Tburjday^  March 
fi  in  Cancer  pafs*d  over 
The  Northern  Afs  pafs*d  over 
Miri  pafs*d  over 


29     5  40 


29 

30 

33 
30 


00 
5 

'9 
12 


20 
10 

55 
5 


-I 


33 
Neck  30 


44lif  in  the  Uon  pafsM  over 

le  bright  Star    in   the  Uon^s 
pafs'd  over  — 

Right  Afcenfion  of  Mars       1 3  3-  3  7*  30 
Pittance  from  the  North  Pole  68.38.20 
Monday^  Nov, 


29 

|29 

30 


35 
15 


5 
00 

6  20 
19  50 

12  'OQ 


17,    1712. 

18  21     718  19  52  55  in  the  IrfV»»  (J5r/V^  Catalogue)  pafs'd  43  45  40 

over  —  — 

18  25  5318  24  38 1  under  the  L»W J  iP^//^  pafs'd  over  —43  49  40 

1 8  30  14 18  28  59  ^  in. the  X/V»  pafs'd  over  42  35  10 

18  43  15  18  42  00  M^irj  pafs'd  over  —  — 43     7  25 

Right  Afcenfion  of  Mars      165.48.00 
Diitance  from  the  North  Pole  81.39.45 


18 
18 
18 
18 
18 


13 

22 
38 


8 

53 
14 
18 


40  aS 


6 
II 


40 
25 


18 

18 

18 

18.31  50 

18  34  00 


1 5  -  46  ;^  in  the  Lion  pafs'd  over  —— 


Tbur/day,  Nov.  20. 
$5  in  the  Uon  pafs'd  over 
58' or  (  in  the  JJon  pais'd  over 


r  in  the  Icon's  Ham  pais'd  over 

Mars  pafs'd  over 

Mars's  Right.  Afcenfion  ■      .16^  £.^0 


Diftance  from  the  North  Pole  82. 


2J^ 


43 
43 
42 
43 
43 


45 
49 
35  1 
52 
36 


4C 
50 


10 
55: 


Objer- 


\ 


Ohfervatiom  on  the  Heavens. 


Ohfervatians of  /ir  SUN,  171 1» 


Dmance 

from  the 

Zenith. 


J    ,1"L*" 


Saturdafy  Jun...6. 
The  Sun's  Center  pafCng  throi^'  the  Plain  of  the  Men-") 
dian,  his  remote  and  fouthern  Limb  was  diftant  from  I 

the  Zenith  ■  J 

Friday^  Jan.  2.6. 
The  neareft  Limb  of  the  Sun  in  the  Meridian  from  the*) 

Zenith  _  '  J 

^uefdajy  Jan.  30. 
The  neareft  Limb  of  the  Sun  u-om  the  Zenith      ' 

Mondofy  June  4. 
The  remote  Limb  of  the  Sun  from  the  Zenitli  ■■ 

Saturday^  July  14. 
The  remote  Limb  of  the  Sun  ■.  — 

Tuefday^  Nov.  20.. 
The  remote  Limb  of  the  Sun      '    —  ■ 

Tuefday^  Dec.  4. 
The  remote  Limb  of  the  Sun  from  the  Zenith         — 

Wednefdd^y  Jan.  2,.  1712. 
The  Sun's  remote  Limb  from  the  Zenith  — 

Saturday^  Jan.  iz. 

The  Sun's  remote  Limb  ■■ 

Friday^  March  7. 
The  Sun's  remote  Limb  —  — ■ 

Friday^  May  g. 
The  Sun's  remote  Limb  —  —  — 

Tuefday^  Ollober  7. 
The  Sun's  remote  Limb  from  the  Zenith  ' 


72  31  10 

66  35  10 

65  38  40 
28  24  18 
31  55   20 

73  30  40 

74  59  30 
73  17   30 

71  18  QO 

52  31  00 

31  40  50 
61  29  50 


Qhfervations  of  the  MOON,  171 1, 


Time  by 
the  Clock. 


10   22  12 

10  50  55 

10  52  10 

11  8  30 

XI    XI  xo 


Vol.  IV. 


Time 
correfted. 


Saturday^  May  19,  I7iit 


10  18  32 
10  47  J5 

to  48  30 

XX  4  50 
IX  7  30 


Diftancc 
from  the 
Zenith. 


289 


Moon. 


y  in  Scorpio  or  15  of  Libra  pafs'd  over  y^  32  50. 
The  Moon^s  Limb    pafs*d  over,  the.  75  38  40^ 

Center  being  from  me  Zenith     —  I 
The  Moon^s  Center  pafs'd  over,  the'75  22  qo 

neareft  Limb  being  diftant 
b  in  Scorfio  pafs'd  over 
A  in  Scorpio  pafs'd  over 


The  Afcw's  Right  Afcenflon  229. 18.30 
Diftancc  from  the  NorthPolc  x  1 4.  x  340 


pp 


76  15  20 
15  5Q  55 


Monday^ 


09^ 


Obfervations  en  this  Heavens^ 


Time  by 
the  Qock« 


Time 
correfted. 


i6  41  28 
17  42  16 

16  46  20 

16  59  31 

17  29  53 


16  36     8 
i6  36 


16  41  00 

16  54  I 

17  24 


33" 


Mondaf^'N^.  19,  1711. 


The  Center  of  the  Moon  pafs'd  over, 
the  remote  Limb  being 


56  The 


Limb  of  the  Moon  pafs'd  over, 
the  Center  being  diftant 
Saium  pafs'd  over      • — * 
Telefcopic  Star  a  pafsM  over 


lA 


in  the  South.Neck  of  the  Li^^ipafsM  over 
Moon*s  Right  Afccnfion  1 35.41 .40 
Diftance  from  the  North  Pole  75.2^.20 


Diftanccj 
from  the 
Zenith.  ; 


37     6  go 

36  52  30 

34  8  00 
33  45  30 
33   18  30 


7  40  5^ 


11  39  52 

12  13  46 

40  46 
43  16 

13  3^6  44 


7  34  00 


II 

12 

12 
12 

13 


Saturd^j  Jan.  12,  1712. 
The  Middle  of  the  Lunar  Eclipfc,  at 
what  Timis  the  Chord  of  the  eclipled 
PartoftheMoonwas24.  30:  but  the 
greateft  Defeft  on  the  Northern  Side 
was  8. 30.  The  Moon's  Diameter3o.  48 
6  fin  Cancer  (accord,  to  Bayer)  pafs*d  over  32 
00  The  Center  of  the  Moon  pafs'd  over,  34 
j    the  remote  Limb  being         ' 

34  00  Saturn  pafs*d  over  —  33 

36  30  TheSubfequent  to  w  m Cancer pzfs^d  over  35 

29  58  The  Lson*s  Heart  pafs'd  over  38 

;  Moon's  Right  Aurenfion       127.25.30 
Diftance  from  the  North  Pole  71.31.00 


33 

7 


7  39  8 
7  49  42 
7  54  45 

7  55  48 

8  I  41 


Thurfday^  March  6. 
38     8  80  in  Gemini  (Brit.  Catal.)  palsM  over 
48  42  86  or  /  in  Gemini  pafs'd  over         

53  45  The  Limb  of  the  Moon  pafs'd  over, 

the  Center  being  diftant  

54  48  The  Moon's  Center   pafs'd  over,  the 

neareft  Limb  being  

o  41  /I*  or  9  of  Cancer  pafs'd  over  — 

Moon's  Right  Afcenfion        116,14.40 
^^^  Diftance  from  the  North  Pole  69.22.50 


5"  10 
14  10 

12  00 

22  20 

6  55 


30 
30 

30 


29  30 

51  45 
50  40 


30  35  30 
29     4  55 


9  47  38 
9  48  48 

9  52  51 


46 
47 
51 
8 


•66 


10    o  3610 

I 

10  10  4310    9 


JVednefday^  May  7. 
2  /70  of  /^/r^^  ( Brit.  Cat. )  pafs'd  over 
12  71  oi  Virgo  pafs'd  over  — —    — 165 

i5j75  of  the  fame  pafs'd  over  68 

ooThe  Moon's   Limb  pafs'd  over,    the69 

j   ,  Center  being  ■    '  '  I 

7  The  Center  of  the  Moon  pafs'd  over, '69 


the  remote  Limb  being 
Moon's  Right  .Afcenfion       208.  4.30 
Diftance  from  tHe  North  Pole  107.45.50 


9  50 
45  30 

7  40 
12  30 

28  35 


I 


Okfervatfons  on  the  Heavens. 


%qt 


Time  by 

the  Clock 


J3  19  3c 


Time 
correfted* 


IQ 

II 

II 


5^ 
I 

8 


2 

35 
% 


11  09   16 


1 1 
Ji 


50 

57 


33 
34 


10 
10 
1 1 

It 

ti 
II 


48 
55 


31 

32 


Tkurfd^^  May  8,  1712. 


50  008  in  Utra  (Brit.  Cat)  pafs'd  over  —74  51  50 
59  23y  1^  ScvrpOy  on 5  in  Zj^r^,  pafsM  over  75  32  30 
6  00  The  Moon*s   Limb   pafs*d  over,5  the  73  42  30 
Center  being 
i4JThe  Moon*s  Center  pafs'd  over,  the  re-  73  58  20 
mote  Limb  being  diftant 
A  in  Scorpia  pafs'd  over 


-      .  75  51 

</i  or  the  middle  Star  in  the  Front  of  73  12 

Scorpio  pafs'd  over 

Moon's  Right  Afcenfion       223.45.00 

Diftance  from  the  North  Pole  1 1 2 .  16. 10 


Diftance 

from  the 

Zenith. 


10 

10 


12 
13 


18 

3 
18 


05 

48 

13 


J3 


35 
16 


25 
8 


SniHrday^  May   10. 

12  16  ^o  Jntares  or  the  Scorpion* s  Heart p^fs'dovcr 

13  2  1 3  A  in  Serpentarius  pafs*d  over 
13  16  38  The  Moon's  Center  pafs'd  over,  the 

Limb  being  diftant  — ^— 

13  17  ^^  The  Limb  of  the  Moon  pafs'd  over,  the 

Center  being  diftant 
13  33  50  p  thejirft  in  Sagitiary  pafs'd  over      — 

U  H  33 


X  in  Sagittary  pafs'd  over 

iThe  Moon's  Right  Afcenfion  258.03.20 

Diftance  from  the  North  Pole  11 6.20. 15 


77 
77 

78 


10  00 

32  50 
I  30 


77  46  05 


79  4 
76  57 


2Q 
00 


N.  B.  In  the  Copy  of  the  Obfervations^  Aim,  1712.  JgHt  by  Air.  Flamftecd  to  the 

Rcral  Society^  the  Name  of  the  Obferver  JeenCd  to  be  erajed  out  of  the  Title  i  and 

by  his  own  Order  thefe  IVords  were  fubfcribed  at  the  "Bottom  of  the  Page. 

Obferved  and  tranfcribed  by  Jof.  Crofthaite. 


Time  by 

the  Clock. 


Time 

corrected. 


"  /  // 
8  30  ^3 
8  41     7 

8  49  8 
12  10  49 
12  25  24 
12  34  2  J 

12  35  44 


Obfervarions  of  SATUR^y  1713. 


12 


28 

38  57 
46  58 

8  39 
23   H 

32  II 

33  34 


Sunday^   Jan.  25, 


Diftance 

from  the 

Zenith, 


XXVL 

Obfervations 
9ft  the  Hea- 
at 


5  The  Star  before  Gemini  pafs'd  over 
Cajlor^s  Foot  or  »  pafs*d  over 
His  Heel  or  f^  pafs'd  over 


o 

28 
28 


.iiiLii.      vens,  1713.^1 
..-». — I  Greenwich, 
^     ^  |n.344.p.28^ 

1 3   20^  —  •/  Saturn. 


3 
54 
50 


4 in  the  Zi^«  (accord.to  Bayer)  pafs'd  over  36     9 
r  in  theL/V»  pafs'd  over  37  40 

The  Center  of  Saturn  pafs'd  over '^6  51 

The  Zica/'s  //^/^r/  pafs'd  over     .     •        38     7 
Saturn^  Right  Afcenfion       147.55.101 
Diftance  from  the  North  Pde^  75-23 -55 
Longitude  of  a  ■   ■■        25.^8.15 


50 
40 

30 
30 

45 
00 


a^i 


Ohferoaiions  on  the  Heofvem. 


Time  by 
the  Clock, 


II  20  52 

30  9 
35  18 
47  8 
52  42 

11  57  25 

12  o  35 
5  40 

12  10  50 


Time 
corrected. 


II 
12 


/ 
14 

23 
28 

40 

46 

50 

53 

58 

4 


// 


Tburfiay^Feb.  ^i  1713* 


1 1   14  10  i  in  the  Uon  {Bayer)  pafs'd  over 


27 

^^ 

00 

43 

53 

58 

8 


0  in  the  Lion  pafs*d  over 
16  of  the  Uon  (Cat.  5nV.)  pafs'd  over 
p  in  the  Zi(?«  pais'd  over  — — 

The  Center  of  Saturn  pafsM  over     — 

The  Uon^s  Heart  pafs'd  over 

31  in  the  Zi^»  pafs'd  over    — - 

34  in  the  Lion  pafs'd  over  — • 

38  in  the  lion  pafs'd  over  — 

Saturn's  Right  AfcenGon  147.  4.45 
Diltance  from  the  North  Pole  75.  5,00 
Longitude  of  A  24.14.  8 

latitude  North  1.32. 16 


Diftance 

from  the 

Zenith. 


o      /       // 

3«  55  20 
40  17  30 
38  21  20 

37  40  30 
36  32  50 

38  7  - 
36  42  50 

36  19  30 
35     3  50 


8  22  53 

II  29  22 

II  43  58 

II  49  10 


?   14 


ID    21 


II 
II 


35 
41 


Friday  J  Feb.  6. 
43*3/  in  Geminiy  or  the  bright  Foot  of  P^/-l34  52  00 

I     lux  pafs'd  over  

12 Uf.  in  tht  Lion  pafs'd  over  ~— —   36     9 

48^^  in  the  jL/^»  pafs'd  over         37  40  30 

o  The  Center  of  Saturn  pafs'd  over    —  36  3 1  00 
Saturn* s  Right  Afcenfion       146.59.  o 
Diftance  from  the  Pole            yg.  3.10 
Longitude  of  SI                      24.  8.17 
Latitude  North [ '1,32.  8 


II  o  15 

II  8  53 

II  17  7 

II  22  16 


10 
II 
II 
II 


Wednefday^  Feb.  18. 
53    olThe  Center  of  Saturn  pafs'd  over    - 
I  38TheL/Wj/!fttfr/ pafs'd  over        — 
9  52  The  34  in  theli^  (5ri/.Cat.)pais'd  over 

15     I  38  of  die  fame  pafs'd  over    — —  

Saturn's  Right  Afcenfion       146.  5.00 
Diftance  from  the  Pole  74-44- 10 

Longitude  of  ^  23.12.47 

Latitude  North  i. 32^41 


36  12  00 
38     7 
36  19  35 
35     3  55 


10  6  30 
19  27 
31  21 
34  31 

10  39  35 


Aidnday^  March  2. 
9  52     3  4  in  the  L/^»  pafs'd  over 
10    5  oocenter  of  Saturn  pafs'd  over 
16  54.  Lion* s  Heart  pafs'd  over 
20    4  3 1  of  the  Lion  pafs'd  over 
1025     8  34  of  the  Lion  pafs'd  over 
Saturn's  Right  Afcenfion 
Diftance  from  the  Pole 
Longitude  of  si 
Latitude  North 


145.16.00 

74.27.30 

22.22.46 

i'g3'5^ 


36 

35 
38 
36 
36 


9 

55 

7 

42 

19 


30 
20 

5 

50 
40 
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Time  by 
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7 


/ 

43 

% 

16 

21 


// 

1 

46 
36 
39 
7 
17 


Time 
corredted. 


41 


15 


8 


55 

4 

14 

19 


50 
53 

21 
31 


Ttf^/aiay,  >^V  7,  1 71 3. 


4  of  the  Zi««  pa(s*d  over 


7     •  -LA  . 

7  49  00  The  Center  of  Saturn  pafs'd  over 


V  of  the  Zifl»  (Bayer)  pafs'd  over 

»  in  die  Uoh's  Neck  pafs*d  orer   

34  of  the  fame  (5r»/.  Cat.)  pafs'd  over 

38  of  the  fame  pafs'd  over       1 

Saturn's  Right  Afcenfion 

Diftance  from  the  Pole 

Longitude  of  A, 

Latitude 


H3-57-^5 

74-  3-15 

21.  3.32 

1. 21. 20 


MMaMMMBB 

Diitance 

from  the 

Zenith. 


// 

25 

10 


36  9 

35  3' 

37  40  20 

33  19  25 

36  19  30 

35    3  50 


7  47  43 
54  34 

8  3  37 
13    4 

8  18  14 


JFednefdofy  April  8. 
7  46  oojThe  Center  of  Saturn  pafs'd  over  — 
52  fi^  in  the  Lion  pafs'd  over      ■■ 
^4 »  in  the  Lion  pafs'd  over 


8 


I 
II 

8  16 


2 1  34  of  the  Lion  pafs'd  over 
31  38  of  the  Lion  pafs'd  over 
Satum*s  Right  Afcenfion 
Diftance  from  the  Pole 
Lon^tude  of  Vs  il 
Latitude 

Saturn  was  almoft  Sutionary. 


I43-57-30 
74.  3.20 

21.    3.20 
1. 31. 10 


35  31   15 
37  40  20 
19  20 

3 


33 
36 
35 


35 
45 


18 


22  00 


30 
54 
19  II 
19  26 


8 

35 

5 

23 


18  15  37 


19 
19 


23 
48 

4 
20 


45 
12 

42 
00 


Tburfdayy  Nov.  5. 
in  the  fubfequent  Knee  of  the  LJofAj\.z 
pals'd  over  .    ■ 

The  Ijon^s  Heart  pafs'd  over       

f  in  the  Ldon^s  Shoulder  pafs'd  over  — 

/  in  the  Lion^s  Belly  pafs'd  over 

The  Center  of  Saturn  pafs'd  over  — 
Satum*s  Right  Afcenfion        162.23.20 
Diftance  from  the  Pole  80.43.00 

Lontitude,  Virgo  '    10.13.40 

North  Latitude  1.3^.^7 


4  00 


38 
40 

39 
42 


7 
42 

25 
10 


5 
o 

15 

4<^ 


2^3- 


o^>- 


J94 

—Q/' Jupiter. 
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Time  by 
the  Clock. 


12  40     4 

1.2  48  37 

12  52  36 

13  4  21 


12 
12 
12 


Time 
correffced. 


^-     /    // 
12  37  27 

12  46     o 
"  49  59 

13  I  44 


Sunday^  ^g.  ^ 


in  the  Running  Water .  of  Aquarius  60  32  50 
pafs'd  over 


The  Center  of  'U  palsM  over 


over  60 


73  of  Aq.  {Brit.  Cat.)  i  at  b  pafsM 
X  in  the  Water  of  Aquarius  pafeM  over|6o 
Jupiter's  Right  Afcenfion      341.33 
Diftance  from  the  North  Pole   99 . 2 1 .40 
Longitude     x  9.26.00 

Southern  Latitude  1.25.08 


Diftance 

from  the 

Zenith- 


60  48  35 
46  20 
49   10 


36 
44 
48 


21 
26 

53 


12 
12 
12 


33  55' 


Monday^  Aug,  10. 
in  Aquarius  pzfs'di  over 


42  00  The  Center  01  Jupiter  pafs'd  over 
46  2773  oi  Aquary  paisM  over 

Jupiter's  Right  Afcenfion 

Diftance  from  the  Pole 

Jupiter's  Longitude    >£. 

Southern  Latitude 


j6o 
•00 


341.26. 

'9.18. 17 
1-25.40 


32 
5^ 


50 
00 


7  29  16 

7  36  34 

8  14  34 
8   17  45 


28 
36 
14 
17 


42 
o 
o 

II 


Monday^  OS.  26. 
JT  in  the  Buttock  of  Aquary  pafs^d  over 
Jupiter's  Center  pafs'd  over 


80  of  Aquary^  firft  at  4,  pafs'd  over  — 
84  oi  Aquary  fubfequent  at  4,  pafs'd  over 
Jupiter's  Right  Afcenfion  335-41 -30 
Diftance  from  the  Pole  101.33.20 

V  Longitude     x  3^  1 6.00 

South  Latitude  1.19.  8 


63 
63 
62 

62 


34  40 
00  5 


5 
37 


20 

5 


7  25  40 

7  33  6 

8  II  00 
8  14  10 


23 
31 


34 
00 


Tuefdayy  0£l.  27. 
»■  b  the  Buttock  of  yiquary  pafs'd  over  [63  34 
Jupiter's  Center  pafs'd  over        ■     ■  ■    62  59 


8  54  Firft  at  4  of  Aquary  pafs'd  over — 
iZ     4  Subfequent  at  4  pafs'd  over  — — 

Jupit^s  Right  Afcenfion      375-43.20 
Diftance  from  the  Pole  101.32.30 

Jupiter's  Longitude   K  3- 17-58 

Southern  Latitude  i .  1 9 .  00 


.'62 


5 
37 


35i 

10 


Tburfdaj^ 
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Time  by 
the  Clock, 


h. 


7  18  29 
26  10 


8 


47 
S5 


Time 
dorrcfted. 


// 


Tiurfday,  OS.  29,  171 3. 


7  23  00'*^'*'"''"'^''"'^ ^•*''" 

«    o  37 

8  3  45 


Jupiter'i  Center  paTs'd  over 
The  6rft  at  ^f  psdfs'd  over 


The  SuWequen«  at  4,  pafe'd  over 

Jupiter* i  Right  Afcenfion  335-47«45 
EHftaoce  from  the  Pole  101.30.35 
Jupiter^s  Longitude    H  3<22.4i 

Southern  Latitude  i .  1 8 .49 


Diftance 
from  the 


63  34  40 
62  57  20 
62  5  20 
62  37  10 


Ohfervations  of  MARS,  1713, 


12  28 
12 


13 
13 
13 


51 
10  21 

13 

21 


12 
12 


3S 

6 

■•3 
i?i3 


8 


WeimSdoj^  Fib.  18'. 
21  2o't  in  the  Z/Ws  /f<i»  pafs'd  over 
43  4* 

6  00  The  Center  of  Mars  pafs^d  over  • 


13  »3  50 


47 
48 


15 

40 


—  «f  M>n< 


r  in  the  Virgird  Neck  pafs'd  over 
Mtfn's  Right  Afcenfion         1 79. 2  9. to  • 
Diftance  from  the  Pole  85.34.35 

Longitude,  Virgo  27,46.00 

Northern  Latitude  3-  5 1  •  i  o 


^47  57  4P| 

47  2 
'  33 


46 


5 
30 


"  55  5^ 
12  4  50 

10  54 
20  8 
12  30  25 

12  32  37 


II 
12 


12 


^uefday,  March  3. 
z't  in  the  Virgin's  Neck  pafs'd  over- 


53 
2  oo[The  Center  of  Mars  pafs'd  over   ■ 

T  in  the  ^ff^/«*s /"af*  pafs'd  over    — 

II  <rftheF/^j/>  J  pafs'd  over 


8 

27  35 
29  47 


16  of  ^«rgv?  c  in  the  Neck  pafs'd  6ver 

1 7  of  Firp>  {Brit.  Car. )  pafs*d  over  — 
Right  Akenfion  of  A/«rj  175.  1.15 
Diftance  from  Ae  North  Pole  83.46.45 
Longitude,  Virgo.'  22.57.33 
Northern  Latitme  3-43-37 
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45 
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44 
46 
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14 
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33 
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00 
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Time 
the  Cloc! 


)ck. 


9  4  47 
9  17  37 
9  3§  10 

9  45  ool 


Time  - 
corrcded. 


9     3 
9  16 

9  Z^  3Z 


9  43  ^3 


7'uefdayy  April  7,   1 7 1 3. 


lobj  under  the  LiotC^  Belly  pafs*d  over 
00  The  Center  of  Mars  pafs'd  over  — 

The  firft  of  Virgo  (BriL  Cat.)  •pafs'd 
over  ■  — 

The  Northern  Star  in    the  {lead 


yirgo  5  pafsM  over 


The  Right  Afcenfion  of  Mars  1 65.45.4a 
Diftance  from  the  Pole  8 1 . 1 5.  i  d 

Longitude  of  Afiinr,  ii^  13*30.40 

Northern  Latitude  2 . 2  6. 3 1 


Diftance 
from  dK 
Zenith. 


42  35  H 
42  42  50 

41   44  50 


of  41 


37  15 


I  44 

9  a  29 

14  15 

9  13  00 

35.  7 

9  33  52 

41  5^' 

9  40  43 

JFednefdayy  Jpril  8. 

•^j  of  the  L/^»  paffes  over  142 

The  Center  of  Alars  paffes  over  42 

»  of  the  ^/r^/»  paffes  over         41 

f  of  the  Virgin  paffes  over  — —   41 

The  Right  Afcenfion  of  Mars  1 65.41 .00 
Diftance  from  the  Pole  8 1 . 1 6.00 

The  Longitude  o(  Mars^Virgo  13.26.45 
Northern  Latitude  2.23.58 


35 
43 
44 
37 


30 
40 


7  S5 

8  18 

8  33 


9 
12 

14 


Friday  J  May  i. 

7  50  00  The  Center  of  Mars  paffes  over 44 

813     3  r  in  the  Virgin's  Head  paffes  over    —  43 

8  28     5  T  in  the  Virgin's  Face  paffes  over    —43 

The  Right  Afcenfion  of  Mars  1 66.59.40 
Diftance  from  the  Pole  82.49.50 

Longitude,  Virgo  15*  15-00 

Northern  Latitude  1.27.40 


17  30 
20  00 
15  30 


52. 
15 
30 


45 


47 

9 

24 


00 
22 

23 


Saturday^  May  2. 
The  Center  of  Mars  paffes  over  • 


r  in  Virgoes  Head  paUes  over      — 43 


T  in  Virgoes  Face  paffes  over 
Mars^s  Right  Afcenfion 
Diftance  from  the  Pole 
Longitude,  Virgo 
North  Latitude 


167.10.00 

82.56.40 

15-27.  5 

1.25.20 


44 


43 


24  20 
20 
15  *5 


0^- 
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Oifervatunsef  the  MO OHf  1713. 


Time  by 
the  Clock. 


Time 
corcpdted. 


h.    , 
8     9 
8  15 
8  20 


8  21 
8  22 

a  30 

■S  41 

849 


33 

5 

20 


23 
52 

7 

8 


5««%,  7/wr.  25,  1713. 


h. 
8 
8 
8 


I 


Diftance 

from  the 

Zenith. 


28 


7  23  The  Tdefcopic  Star  a  pafles  over  — 
12  ss  123  of  TaurMs  (m  -BnV,  Cat.)  pafles  over  27 

18  10  The  preceding  Limb  of  the  Moon  pafles  2  7 

I    over,  the  Center  being  diftant  from 
I    the  Zenith  ■  — 

19  13  The  Center  of  the  Moon  pafles  over,  the 
I    Limb  being  diftant  from  the  Zenithl 


27 


20  42  The  Northern  Culp  of  the  Moon  fromj27 

I    the  Zenith 
28     5  The  Star  before  Gemini  pafles  over   — 
38  S7\  *^  Foot  ofCkifior  pafles  over 


46  58 1*  the  Heel  of  the  fame  pafles  over 

iThe  Right  Afcenfion  of  the  Moon's 
Center  84.26.55 

The  vifibleDift.  from  the Pofe  66.  4.40 
But  taking  in  the  Parallax  65.39.50 
The  Lx)ngitude  of  the  Moon^n  24.56.30 
North  Latitude  0.57.00 


28 
28 
28 


20  20 

2  30 

32  40 


47  40 
17  40 

13  20 

45  50 
50  40 


8  26 

?  37 

8  45 

9  9 


9  10 
9  12 

9  27 
9  42 


41 
31 
31 


8 
8 

43;  9 


24 

35 

43 

7 


50.  9 
30.  9 


50 
44 


8  45 
16  25 


Monday^  Jan.  26. 
36  The  Star  before  Gemini  pafles  over     —  28 

26  ,  the  Foot  of  Caftar  pafles  over 28 

26  fjL  the  Heel  of  Caft^  pafles  over 28 

38  The  preceding  Limb  of  the  Moon  pafles  28 
over,    the    Center  being  from  the 

Vertex  

The  Center  of  the  Moon  pafles  over,  the  29 

remote  Limb  being  from  the  Vertex 

The  Northern  Cufp  of  the  Moon  is  28 

from  the  Vertex  ■■      — 


9  25  45  The  46  of  Gemini  (Brit. Cap)  pafles  over  28 
40  39  VI  in  the  Groin  of  Gemini  pafles  over  —  28 
The  Right  Afcenfion  of  the  Moon's 


13  30 
54  50 
50  40 
45  00 


o    5 

30    10 
26    10 

59  30 


Center 

Dift.  from  the  Pole  obfervcd 
Taking  in  the  Parallax 
Longitude  of  the  Moon,  05 
South  Latitude 


97-43'5o 
67.17.  5 

66.51. IS 

7,  6.18 

0.  8.48 


Moon. 


Vol.  rv. 


Q.q 


0*/ff^ 


Z9^ 


Obfirvatkns  m  t%e  Hea^mt, 


—  •/  Jupi- 


Oi^aHons  of  J U PI TERV  Satellites. 


\^   w  'i  ■ 


"^m^m 


\6  56  sp 

i , 

^  52  35 

7  4  00. 

7  00  0 

7  36  31 

7  32  30 

7  »3  a 

7  5  00 

9  5  II 

8  57  OQ 

Friday^  Off.  30. 
The  four^.&tdilite  k  ieea  emerging  qut  ^  die 

Shadow,  being  diftant  from  the  Third  nq^  it 

oa  t^e  Right  Hand,  biy  a  Diameter  of  Jupi^ 

ter ;  with  a  Tube  of  eight  Fopt 
It  dunjsd  bright,  .and  drs.wtng  a  Line  ftmxii  diat 

neareft  one  through  the  Center  of  Jupiter^  it 
,  left  the  emerging  oiie  tf>  the  South  ;  but  in  an 

inverted  Situation* 
The  Stat  in  /x  in  Pegajks  pafs*d  over  the  Arch 

of  the  M/sridi^; 

Saturday^  Nov.  7. 
The  fecoad;  Sa(dlite  emerged,  oc  radhrr  began 

to  emei^ge ;  in, a  Tube  of.  eight  Feet; 
<^  of  the  Conftellatiqn  Pifcss,  in  the  Southern 

String  pafs'd  oyer.  . 


N.  B.  Tbia  TeUfcofic  Star  a,  which  Jan.  25.  went  before  ^e  Moen^ 
then  had  its  Right  Jfcenficn  81**.  28^4^  ^^  '^^  dijiant  from*  the  Pole 
66**.  58^  20'''' ;  whfin^e  its  Longitude  was  n  22''.  9'4>  wiVA  Southern  Lati- 
tu^e  g°.  1 3^4-»  No^  this  is  the  very  Star  to  which  Jupiter  applied  in  Usi 
fecond  Station^  Feb.  6,  1634,  and  left  it  to  the  South  not  more  than  three 
Diameters  of  bis  own  Body^  according  to  the  Obfervation  of  Gafiendus  ;  m 
is  delivered  in  bis  Booky  p.  174.  ^d  Mars  was  ahferved  near  tit  fame^ 
S^pt.  6,  1644,  in  the  Mornings  a^  may  be  feen  in  the  Prolegomena  ofHt^ 
vdius  before  his  SeUnographiaj^  p.  6^»  Fig.  i.  Now  it  will  much  conduct 
to  the  accurate  Determination  of  Jupitef  s  Node,  and  bis  Motion,  if  the 
Plflin  of  bis  Orbit  among  the  fixt  Stars  does  not  remain  immoveable.  For 
after  the  Term  of  83  Tears,  in  which  Jupiter  compleats  feven  Periods  emugk 
ex^ff,  that  iSy  An.  171 7,  Jan.  10,  iU  the  Morning,  the  Planet  will  either 
cover  that  Star  with  his  Body,  or  at  leafi  will  pafs  very  near  it  ;  a  Sight 
very  rare,  nor  yet  granted^  as  I  know  ony  to  any  j0r§nomer  in  regard  to 
Jupiter. 

Now  the  Star  itfelf^  tho*  called  a  Telefcopic  Star,,  in  a  clear  Slg  and  in: 
the  Ab fence  of  the  Moon^  may  befeen  by  the  naked  EyCy  and  has  a  Companion 
ft^T/Zorcal^  following  it  to  the  South,  and  dtftant  about  the  Sun^s  Diameter ;  near  which 
nations  of  tbi  Jupiter  will  be  feen  clofely  joined,  July  20,  in  the  Morning,  the  precedif^ 
fix'd  Stars  ^  Tear  1716. 

fbf  MoODy 

jf^i/^         XXVII.  Of  all  th?  Methods  hitherto  propofed  for  finding  the  Longs- 
Lonptixde,  by  tudes '  of  Places  for  Geographical  Ufes,  none  feemsr  more  adapted  to 

*»•  354-  the  Purpofe,  than  that  by  the  Occtfltations  of  the  fixed  Stars^  by  the, 

f'^^^'  '  Moon 


rU.  lofr. 
S.XXXL 


Obfeirations 
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Moon  obTf nrtd  m  diftmt  Places «  Fm*  thoft  Imfnerlions  of  the  Stars, 
wl^h  hfl9^)eA  OR  ih&  iWk  Semicircle  of  the  Moon,  and  their  £mer- 
fions  from  the  fame,  .^re  perfeAly  momentaneoud,  without  that  Am- 
biguity, to  which  the  Oblervations  of  the  Eclipfes  of -the  Meorn,  and 
thofe  of  Jupiter^  Satellites  are  fubjeA.  Befides,  whilft  the  Moon  is 
homed,  and  her  weaksr  Light  lefs  dazzling,  an  ordinary  (hortTclefcope, 
fuch  as  is  found  to  be  manageable  on  Ship-board,  fuffices  to  obferve 
thofe  Moments,  even  in  the  Occulutions  of  very  minute  Stars :  On 
which  Account,  diis  Way  feems  to  bid  faireft  for  finding  the  Longitude 
at  Sea.  But  fince  it  would  be  needlefs  to  enquire  exaftiy  what  Longi- 
tude a  Ship  is  in,  when  that  of  the  Port  to  which  (he  is  bound  is  ftill 
unknown  •,  it  were  to  be  wiih*d,  that  the  Princes  of  the  Earth  would 
cauiie  fuch  Obfervations  to  be  made  in  the  Ports,  and  on  the  principal 
Head-Lands  of  their  Dominions,  as  might  once  for  all  fettle  truly  the 
Limits  of  the  Land  and  Sea,  This  Work  however,  beii^  likely  to  be 
left  to  the  Care  of  private  Perfons,  it  may  not  be  amifs  to  give  Notice 
of  the  prefcnt  Oj^ortunity  of  performing  it  in  this  our  Northern  He- 
mtfphere,  by  Means  of  the  frequent  Appulfes  of  the  Moon,  to  the  more 
Southerly  ot  the  HyadeSj  many  of  whicn  (he  eclipfes  in  each  monthly 
Revolution,  and  will  continue  fo  to  do,  during  the  Years  17189  1719 
and  1720. 

Thefe  Stars  are  but  three  or  four  in  all  former  Catalogues,  but  the 
Britifi>  of  Mr.  Fkmfteed  encrcafes  them  to  Sixteen  \  to  them  we  have 
added  three  others  fomewhat  fmaller,  viz.  ^,  /,  and  n  in  the  Figure  of  pig.  j^,^ 
the  Hyades  hereto  annexed.  In  it  the  j>rincipal  Stars  are  marked  with 
Bayer^s  Marks,  and  the  reft  with  the  Letters  of  the  ItaUck  Alphabet  i 
their  Longitudes  arc  fitted  to  the  Beginning  erf  the  Year  1718,  and  being 
truly  laid  down,  may  ferve  to  inftruft  the  Obfervcr,  when  and  where 
to  look  for  them,  when  the  Moon  is  among  them. 

It  appears  by  this  Scheme,  that  the  Diftance  between  amd  a  or  Pa^ 
lilicium^  is  abqut  nine  Hours  Motion  of  the  Moon,  in  which  Time,  fup- 
pofing  her  to  pais  one  to  the  other,  ihe  muft  cclipfe  y  and  c^  and  four 
or  five  of  tho^  ahoat  0,  and  muft  ayply  very  clofe,  with  her  Southern 
Limb,  to  all  thofe,  which  have  about  fix  Degrees  South  Latitude  j 
which  would  be  a  very  entcrtaiaing  Sight,  But  if  the  Times  of  the  Oc- 
cultations  of  any  one  of  thefe  Stars,  or  even  of  any  two  of  them  in  the 
6me  Night,  be  accurately  obfcrved  under  diftant  Meridians^  the  Dif- 
fcrence  of  thofe  Meridians  mav  be  truly  obtained  thereby  v  efpecially 
fince  the  M$offs  Parallax^  and  ail  other  Parts  of  her  Thcqry  thereto  re- 
quired, are  at  prefcnt  fufficiently  ftated  and  known, 

Fot  the  Sake  of  fuch,  as  are  willing  to  make  ufe  of  this  Method,  we 
have  added  the  Waecs  of  all  the  Hyades  fi^tted*  to  tht' jirefent  Tinic,  and 
cWefly  taken  from  the  Britijh  Cat^logye,  wlxieh  being,  faulty  in-  tRo  Stars 
w«  call  *  and/,  y^ have  here  peftificd  them. 
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A  Catalogue  oftbeHpieSt  for  the  Begimung  cf  the  Tear  1718. 


Names  of  the  Stars.- 


Long. 


SouthLat  Mag. 


Which  goes  before  y  in  the  Bull 

In  the  Bull's  Noftrils,        — —    Bayer 
That  under  y  


In  the  End  of  the  Builds  Nofe     

Between  the  Noftrils  and  the  North  "> 
Eye  of  the  Bull  ^        J 


51  3 
50  54 
56  31 

54  25 


2     54  47 


Joining  this  to  the  South  d  3 

The  Northern  one  of  thofe  before  9  —  c  3 
The  bright  Southern  one  of  the  fame  —  f  3 
That  which  follows,  /  g  3 


The  Northern  of  the  near  ones  between  7 
the  Noftrils  and  the  Bull's  Eye 3 


The  more  Southern  one  of  the  fame    — 

The  Northern  of  the  two  above  fr 

The  Southern  one  of  the  fame        

The  firft  of  the  3  in  a  right  Line  under  A 
The  Middlemoft  of  the  famt      


lixe  Northern  one  of  the  two  following  •"  m 

The  Northern  Eye  of  the  Bull      « 

The  Southei-n  of  th6fe  following  f  — —  n 
The  Subfeqvient-  of  the  3  under  •  ■'  ■  '  o 
Palilicittm,  or  the  BuU's  Eye,  or  a  ac- } 
covd^ng  to  Bayer.  — —        J 


The  next  following  this  — — — 

The  Southern  of  the  contiguous  ones^ 

following  ■■    ■  i  " 

The  Northero  one  die  brighter  of  the  two  v 


10 

17 
25 
35 


33 
21 

32 
2 


50  14 

46  22» 

19  57 

47  5 

o  34 


'3     59  45 


9 
41 

43 
5    47 


O    II 

2  32 

7  44 

19  27 

26  55 


30  265 

2 


4 

50 
44 
27 
16 


52  55 

23- 43 
36  40 

9  45 
7  35 


30  3» 
32  35 
45  55 

50  20 


5    29.50 


6     17  35 
6    30 
6..iii2 


34^ 


37  49 
35  58 
41  00 

o  35 


6      3  20 
19  19 
6     12  35 


7 
3 
7 
7 

3 


6 
8 
6 

5 
4^ 


4. 

7 
8 

4> 
TT 

4- 

T 


7 
6 


A  jffcMKt  »f    XXVIII,  The  late  Appearance  of  Fenus  in  the  Day-time^  for  many 

t^  CzuSe  of  Days  together,  was  generally  taken  Notice  of  dbout  London^  and  dfe- 

Umlntbf  where;  and  by  fome  reckoned  to  be  prodigious.    This  put  me  upon 

Day-time,  fy  the  Enquiry,,  how  it  came  to  pafs,  that,  at  that  Time  the  Planet  fhould 

Df  .E.Hallcy.  be  fo  plainly  feen  by  Day  ;.  whereas  fhe  rarely  Ihews  herfelf  fo,  unlefe 

■  349P466.  to  thofe,,  who  know  exadly  where  to  look  tor  heiL    To  refolve  this, 

the  following  Problem  arofe,  viz.  To  find  the  Situation.of  the  Planei  in> 

refpeft  of  the  Earthy  when  tiie  Jtm  of  the  illuminated  Part  of  her  Disk 

ISA  Maximum. 

To 
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To  ifiTeftigate  this  Mdximumj  I  found  it  reauifite  to  afllime  the  fol- 
lowiDg  Lemmata.  L  That  die  yifible  yteas  ot  the  Disk  of  the  fame 
Fhmet^  at  difiering  Diftances,  are  always  reciprocally  as  the  Sauarea 
of  tfaofe  Diftances ;  which  is  evident  from  the  firft  Principles  ot  Op* 
ticks.  IL  That  the  Area  -of  the  whole  Disk  of  the  Planet  is  to  th& 
Area  of  the  enlightned  Part  thereof^  as  the  Diameter  of  a  Circle  to 
the  Verfed-Sine  of  die  cxteriour  Angle  at  the  Pkaet^  in  the  Triangle^ 
at  whofe  Angles  are  the  Sun^  Earthy  and  Planet.  III.  That  in  all  plain 
Tnangles;  four  Times  the  Re£famgle  of  the  Sides  containing  any  Angle,, 
is  to  be  the  Excefs  of  the  Square  of  the  Sum  of  the  Sides  above  the 
Square  of  the  Bafc,  as  the  Diameter  is  to  the  Verfed-Sine  of  the  Com- 
plement of  the  contained  Angle  to  a  Semicircle,  which  I  call  the 
exteriour  Angle  :  This  is  a  new  Theorem  of  good  Ufe  in  Vrigonemetry^ 
and  is  eafily  to  be  proved  from  the  iitb  and  i^tb  of  the  IL  Ekm. 
EucUdt, 

This  premiied,  putting  0»  for  the  Diftance  of  the  San^  and  Earthy 
and  n  for  that  of  the  Sun  and  Venus^  and  x  for  the  Diftance  of  the  Earth  - 
and  Venusy  or  the  third  Side  of  the  Triangle  which  we  feek ;  bythe 
third  Lemma^.^n  x,  will  be  to  the  £xce&  of  the  Square  of  nJ^x  above 
the  Square  of  m^  as  the  Area  of  the  whole  Disk,  of  Venus  to  the  Area  of  < 
die  Pact  enlightned  *,  and  by  the  firft  Lemma^  the  Area*s  of  her  whole  • 
Disk,  are  at  all  times  as- the  Squares  of  x  reciprocally. ;  whence  the  Q^an- 

rity»^2  nx+xx^mm  ^^    .^   ^j  ^^^^    j^    proportional    to   die 

ArrX 

Area  of  the  enlightned  Part; 

Now  that  this  fliould  be  a  Maximum^  it' is  required  tiiat  the  FllnaW^ 
thereof  be  equal  to  o^,  or   that    the  native  Parts  thereof  be  equal . 

to  the  Affirmative  J   that  is,  that  2»x+2xx  x  4»x' =:  1.2  »5p*  ;c  x. 


nnJ^2nX'\'XX — mm  %  and  dividing  all  by  4»x*Ar,     the  Equation, 
becomes  2»x  +  2xy  =  3»-if  +  6»^  +  3  xx  —  ^m  m.      Conffcqyently 
3)i»4-4»;r-fxjr=3[mm,  and  therefore  x=t/ 3 »«»+»»— —2 ». 

From  hence  a  ready  and  not  inelegant  Geometrical  Conftru6li6n  be- 
comes obvious ;  for  with  the  Center- «?,  and  Radius  ^7*=  w,  defcribe  ! 
the  Semicircle  TIiA\  and. with  the  fame  Center  and  Radius  5  J?=  »,  pig.  ^^^^ 
the  Semicircle   EVB%  which    two  Semicircles    ftiall    reprefent  the 
Orbs  of  the  Earthy,  and  Venus.    Then  make  the  Chord 'yfZ)=  to  the  • 
Radius  57*,   and  from  D  towards -^,  lay  off  I>F=5J5;-,  draw  7* F, 
and  thereon  place  FG=B£=2»,  and  with  the  Center  7*  and  Radius. 
rG  defcribe  the  Arch  GVy   cutting   the  Semicircle  BVE  in  Tv. 

and 
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artd  draw  the  Lines  ST,  f^;  I  %  the  Triangle  5  f*^  is  fimikr  to 
tfaat^  at  whofe  Angles  are  the  SWy  Earthy  and  Venus  \  at  the  lime 
whi^  the  Area  of  the  inlighted  Part  of  diat  Planet's  Dtik,  aa  fcen 
from  the  Earthy  is  greateft.  How  this  Geometrical  Effe&ion  follows 
from  the  Equation  is  too  evident  to  need  repetitioiu 

In  oonfequence  then  of  this  Solution,  I  find  this  Ataximum  always 
tp  Jiappeo,  when  fhc  Planet  is  about  40  Degrees  diftant  from  the  Aor^ 
and  the  Times  thereof,  about  the  Middle  between  her  greateft  Elongations 
on  both  Sides  from  him,  and  her  retrograde  Conjundions  widi  him  1 
when  little  more  than  a  Quarter  of  her  vifible  Disk  is  luminous,  and 
re&mbling  the  Moon  of  about  5  Days  old  ;  and  tho'  her  Diameter  is  at 
that  Time  but  50  Seconds,  yet  (he  Ihines  with  fo  ftroag  a  Beam^  aa  to 
fprpafs  the  united  Light  of  all  the  fixt  Stars  that  appear  with  ho*,  and 
caflLs  a  very  ftrong  Shade  on  the  Horizontal  Phin,  whereon  they  all 
Ihine  j  an  irrefragable  Argument  to  prove,  that  the  Disks  of  the  fixt 
Stars  are  inconceivably  fmall,  and  next  to  nothing ;  fince  fhining  with 
a  native  Light,  ib  many  of  them  do  not  equal  the  re/Ux  Light  cf  one 
quarter  of  a  Disk  of  lefs  than  a  Minute  Diameter. 

In  this  Situation  Venus  was  found  in  Jufy  laft,  on  the  tenth  Day  ^ 
about  which  Time,  when  the  Sun  grew  low,  fhe  was  very  plainly  feen 
ia  the  Day  Time,  for  feveral  Days  together  ;  as  fhe  might  have  been  in 
the  Mornings,  about  the  latter  End  of  September,  Bkit  this,  arifing 
from  the  Caufbs  we  have  now  ihewn,  is  nothing  uncomscion  ;  for  every 
eighth  Year  it  returns  again,  fo  that  the  Planet  may  be  feen  on  die 
fame  Day  of  the  Month  and  Hour,  very  nearly  in  the  famePlac& 

Laftly,  It  may  not  be  amifs  to  note,  that  the  Equation  x  = 
1/  ^mm^nn — in  has  a  Limit  -,  for  if  »  be  equal  to  ^nij  the  Point 
F  will  fall  on  B  •,  and  the  whole  Disk  of  a  Planet  ac  that  Diibuice  firoBi 
the  Sun  would  be  the  Maximum^  viz.  when  in  its  fuperior  Conjun£iion 
with  the  Sun.  And  the  like  if  ir  were  lefs  than  4 » »  the  Arch  G  Via 
fuch  Cafe  not  interfe£ting  the  Semicircle  BE. 


XXIX. 

Tlfg  Occultati- 
onofaStaiSy 
/i&rMoon ;  and 
tfffEcIipfe  of 
tbi  Moon/tf/- 
lowing  if, 
No7.2i,O.S. 
»7«3-  h  Mr. 
F.Blanduj], 
n.  340.  p.  SB. 


Hours  after 
Noon. 

h-    /      // 
12  53  34 

12  54  34 


14     Q   14 


A  Star  ia  Taurus^  by  B«)f<r,  mark'd  r,  nearly  apply 'd  it 
felf  to  th^  Limb  o£  the  Mopn  i  obferv'd  by  ^  Telefc<^  of 
twelve  Palms, 

It  was  now  hid  by  that  Part  of  the  Moon's  Limb,  which 
is  alnooft  in  the  Middle  between  the  Spots  of  Jriftnrchus  and 
GalileUs.  The  diurnal  Parallel  defcrib'd  by  the  Moon's  Cen- 
ter appears  more  to  the  South  than  the  Star  r  by  74-  Parts 
of  the  Micrometer,  fuch  as.  the  Diameter  oC  Ae  Moon  fub- 
tends  37.  Therefore  the  Declination  of  the  Star  t  is  more 
to  the  North  thafi  the  apparent  Declination  of  the  Moan's 
Center,  by  about  5  4-  Minutes  of  a  g^eat  Circle^ 

Sirius  caaafi  to  the  Merid^>.^by  wHqh  the  Times  were 
verified. 

The 


H3* 


14  42 

14  50 

15  o 

15    2 

«5    4 
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),  [    The  Star  r,  which  had  emerged  fome  Minutes  out  of  the 
57  Mbon^s  Limb,  in  its  diumat  Renrolutipn  precedes  the  Wef- 

temlimb  of  the  Moon  by  33  Seconds  of  Time,  and  it 

precedes  the  Center  of  the  Moon  by  log  Seconds,  or  i\  43^^ 
50     The  fame  precedes  the  Limb  of  the  Moon  by  48^^  and 

the  Center  by  i^  58^^ 
37     The  Difference  of  Right  Afcenfion  of  the  Star  and  of  the 

Limb  is  i^  03^^    But  of  the  Center  of  the  Moon  and  the 

fame  Star  is2^  1^^'. 
o     The  Penumbra  in  the  Limb  of  the  Moon,  which  before 

was  pretty  dilute,  is  now  become  fenfibly  denfer. 
20     The  Penumbra  is  more  apparent,  but  the  true  Shadow 
.    does  not  jret  appear. 
20     The  Beginning  of  the  Incidence  of  the  Moon  into  the  true 

Shadow,  on  that  Part  of  the  Limb  which  is  next  to  the  Spoc 

Scbickard. 
15    521     The  true  Shadow  now  covers  one  Part,  fuch  as  the  Dia^- 

meter  of  the  Moon  in  the  Micrometer  makes  37. 
15    7  20     Now  two  fuch  Parts  of  the  Moon^s  Diameter  are  covered 

as  make  37. 
20     Now  xr  Parts  of  the  Moon's  Diameter  are  cover'dv 
20     Now  ^  of  the  Moon's  Diameter  are  hid. 
o     Now  ^\  Parts  are  concealM. 
20     The  latent  Parts  are  15  as  before. 
20     Now  the  latent  Parts  are  4-r* 
35     The  firft  Limb  of  Tycba  b^ns  to  emerge. 
9     Now  all  Tycbo  emerges. 
30     Five  Parts  of  37  of  the  Moon's  Diameter  lye  hid. 
45     The  true  Shadow  comes  out  of  the  Limb  of  the  Moon,, 

in  a  Place  mark'd  out  by  drawing  a  Diameter  between  Arif-^ 

tarcbus  and  Plata. 


zn 


»5  16 

}S  31 
16  12 

!l6  17 
16  50 
16  54 
16  56 

n  13 

t7  27 


N.  B.  This  Ohfervation  is  ft  much  the  more  to  be_  valuedy.  heeoufe  the 
Occult atitn  of  the  Star  t  happens  fo  near  to  the  Sun's  oppofite  Pointy,  tbak 
Hs  Pidce  among  thefxt  Stars  may  from  hence  be  truly  examined, 

XXX.  Having  after  Midnight  carefully  correded  the  Clock  By  no  JJ^JPf^'^r  * 
fcfs  than  ten  Obfervations  of  tive.  Altitude  of  the  brightStar  in  Aries,,  the  fy'/bi^^ 
Error  thereof  was  found  ^.  i^"  too  faft^  the  Extremes  not  diflEmngJuly  14.  in 
above  6":  And  in  the  Morning  about  7",  by  as  many  Altitudes  of  the'**  Mtrmng, 
Stat,  with  a  like  Agreement,  the  fame  Enor  was  found  5^.  H^^  tohtel^^Xi^' 
deduced  from  the  Times  fliewn  by  the  Clock*  j.  Ponnd, 

n.347.p.4ou 
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July  13.    P.M.N. 


Tiinetnr 
daeOock. 


The  third  Satellite  of  Jupiter  was  hid  by  the  Moon 

The  firft  Satellite  was  hid 

The  fecond  Satellite  was  hid 

The  firft  Contaft  of  the  Limbs  of  V  and  « 

Jupiter  wholly  hid 


The  third  Satellite  came  out  from  behind 

dark  Side  of  the  Moon 
The  firft  Satellite 
The  fecond  Satellite 
The  firft  Limb  of  Jitter  came  out 
The  following  Limb  of  "V  or  laft  Contafl: 
The  fourth  Satellite  emerged 


the) 


^-  /  // 
13  27  33 
13  3*  35 
13  34  25 
>3  34  54 
13  36  23 


14    7  25 


14  12  25 
14  14  38 

»4  14  45 
14  16  15 
14  18  49 


Time 

corredied. 


^  /     // 

13  22    20 

13  27    22 

13  29    II 

13  29   41 

13  31   10 


2    12 


«4 
H 
14 


7 
9 
9 


14  II 
H  '3 


12 

25 

32 
2 

36 


W/  Occultad- 
OTiof  a  fixt 
Star  Iff  Ge- 
mini ^  Jupi- 
ter, y«».  1 1 , 
O.  S.  1717. 

&c.  *y 

11.351.5.546. 
•  VU.  Supr. 
p.  298. 


Jupiter  and  the  Satellites  were  to  the  Northward  of  the  vifiblc  way 
of  the  Moon's  Center. 

This  Occultation  was  obferved  through  a  Telefcopc,  in  which  the 
focal  Length  of  the  Objeft-Glafs  was  14  ^  Feet,  and  of  the  Eye-Glafe 
t  -J:  Inches.     And  the  Aperture  of  the  Objeft-Glafs  was  i  ^  Inch, 

I  could  perceive  no  Colours  on  Jupiter'^  Limb,  either  at  his  Immcr- 
fion  or  Emcrfion,  when  the  Axis  of  the  Tube  was  diredted  to  him. 

XXXI.  Two  Years  *  ago  we  gave  Notice  that  Jupiter  would  cover  a 
certain  fixt  Star  with  his  Body,  mentioning  the  tenth  Day  diJamMj 
of  this  Year.  But  as  Jupiter  was  almolt  Stationary,  and  fomething  far- 
ther advanced  towards  the  Eaft  than  by  our  Tables,  the  forefaid  Occul- 
tation did  not  happen  till  the  eleventh  Day  ^  which  becaufe  of  Clouds 
we  could  not  obferve  zx.  London  as  we  wilh'd. 

Our  Aftronomers  did  not  watch  for  it  in  '^ain.  Martin  FolkeSj  Efij; 
at  London^  with  fome  others  of  the  Royal  Society,  on  Jan.  1 1,  at  Eight 
at  Nighty  faw  the  Center  oi  Jupiter  to  follow  the  fixt  Star  at  the  Dif- 
tance  of  one  Dianieter  of  his  Body,  which  Star  was  more  to  the  North 
of  the  faid  Center  by  about  4  of  Jupiter^s  Semidiameter.  Afterwards 
Clouds  intercepted  Jupiter.  Now  taking  an  Account  of  Jupiter^s  Mo- 
tion he  concluded,  that  the  Star  was  in  Conjundion  with  Jupiter  after 
Midnight,  and  was  cover'd  by  the  Northern  Part  of  his  Disk. 

The  Reverend  J.  Tbeopb.  Defaguliersy  and  Mr.  Stephen  Grey^  at  W^eft- 
minjler^  faw  the  fixt  Star  at  Six  in  the  Evening,  when  it  was  diftuit 
from  Jupiter^s  Limb  his  whole  Diameter,  towards  the  North  Weft. 
Whence,  and  from  the  Obfervations  of  the  following  Days,  it  appears 
chat  the  Conjun£tion  happened  about  Midnight. 
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.Air&tbeR«v.]>r.;^,PMr^it/Ftf^tf^made  the  following  very  ac* 
coratt  Obfcrvadons,  which  were,  tsken  by  a  very  long  Tube  with  a 
Micrometer. 

Jan.  5.  at  5"*.  6\  equal  Time,  the  Center  of  Jupiter  was  diftant  from 
fhe  faid  flxt  Star  31^  49^  :  which  at  5\  38^  it  foUowM  with  34^  12''  of 
Right  Afcenfion.  And  at  the  fame  Time  the  Southern  Limb  of  Jupiter 
haa  the  fame  Declination  with  the  Star. 

On  the  ninth  Day  following  at  6^.  6^  the  Center  of  Jupiter  was  diftant 
IrOm  the  Star  lo''.  49'^  5  and  after  8  Minutes  the  Difference  of  Right 
Afcenfions  was  11'.  ^z^\  And  then  the  Center  of  the  Planet  was  fo 
little  more  Southerly  than  the  Star,  that  the  Difference  could  hardly  be 
perceived. 

On  the  eleventh  Day  at  5^.  30',  equal  Time,  the  Diflance  of  their 
Centers  was  i^  24'^  and  at  tlie  fame  Time  the  Star  was  feen  to  be  about  a 
Quarter  of  Jupiter^s  Diameter  more  to  the  North  than  his  Center.  Now 
the  leafi  Diameter  of  Jupiter  is  found  to  be  o^  43^^  Then  Qouds 
came  oh. 

But  upon  the  twelfth  Day  at  5K  ij/,  the  Diftance  of  the  Centers  was 
3'.  /\  And  at  s^.  yj.  Jupiter  prccwed  the  Star  by  3^  30^^  of  Right 
Afcenfion.  And  at  the  lame  Time  the  Northern  Limb  of  Jupiter  had 
die  fame  Declination  as  the  fixt  Star  exafUy. 

Now  by  comparing  thefe  Obfervations  it  appears,  that  this  fixt  Star 
was  in  Coniundlion  \A^  Jupiter  on  Jan.  11,  at  13*  nearly,  and  was  not 
more  Northerly  than  his  Center  than  17^'  or  18'',  and  therefore  under- 
went an  Occukation  by  him. 

TTiis  fwt  Star,  tho*  yet  enter'd  in  no  Catalogue,  had  its  Place  then  in 
n  aa^.  13%  with  Soutn  Latitude  o^.  i^^j  and  has  a  Companion  more 
Northerly  by  7  Minutes,  which  precedes  him  by  1 7  Minutes,  or  is  in 
Ji  %i^.  r6%  with  South  Latitude  o^  6^i^  to  which  Jupiter  was  feen  to 
be  joined  Jan.  16,  at  6**.  30^  in  the  Evening. 

Thus  in  a  Space  of  lefs  tlian  two  Months  Jupiter  has  corporally 
eclipfed  two  fixt  Stars,  of  which  Thing  we  have. not  one  Inftance  (incc 
the  Invention  of  the  Telefcope,  Wherefore  thefe  Obfervations  are  to 
be  laid  up  for  the  Ufe  of  Fofterity,  among  the  moft  precious  Curi» 
ofities  of  Urania. 

•Now  our  Star  in  the  Year  1634,  Feb.  ff,  was  in  Conjunftion  withju* 
piter  then  ftationary,  and  was  niore  to  the  South  than  him  by  three  of 
his  Diameters  %  as  Gafkndus  ohferved,  Whertce  It  will  appear,  by  a  due 
Calculation*  that  the  riodes  of  Jupiter  as  to  Senfc  have  continued  im- 
inoveai)le  for  the  85  Tears  laft  pail  j  and  that  at  two  Signs,  8^.  35'* 
from  the  firft  Star  of  y^w. 

The  fame  Aftronomcrs  have  been  watchful  of  another  Obfervation  of -rf  TraiOit  6/ 
aTranfit  oi  Mars  neaj:  the  Northern  Star  pf  the  Forehead  of  Scorpio^  ^*"  ^^^ 
which  waa  not  left  remarkable.    For  Mars  on  Fei.  5,  in  the  Morning,  tLrln7^ 
or  the  4'*".'  16V  was  feen  fo  near  the  fame  St§r,  that  It  could  not  be  per-  Forehead  cf 
ceived  with  the  jwked  Eye  \  but  by  the  Tdefcope  it  was  found  above  Scarpio,  f4. 

Vot*  IV,  R  r  towards  5«  '7«7^ 
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towards  the  Eaft,  and  therefore  Mars  was  not  yet  jomM  with  it.  At 
16*.  lo^  appafcnt  Tipie,  M^rjwas  in  a  right  Line  with  theNortbcTD 
Star  in  the  Forehead,  and  the  Tekfcopic  Star  which,  follows  it  to.  the 
North,  at  theDiftance  of. about  8  Minutes.  At  16^.  35^  A&rx  was  vch 
termediate  in  the  right  Line  with  the  Northern  Star^  and  that  in  the 
Middle  of  the  Forehead  ;  and  after  a  Quarter  of  an  Hour,,  with  that  in 
the  Southern  Part  of  the  Forehead  j  fo  that  at  i6^.  54V  apparent  Time, 
it  was  eftimated  to  be  the  very  Conjunfliion  as  to  Longitude,  at  what 
Time  Mars  with,  fufiicient  Exa(5tnefs  was  only  two  Minutes  more  to  the* 
South  than  the  Star.  Alfo  Dr.  Pound  obferved  the  Conjun£Hbn  in  re- 
fped  of  Right  Aicenfion  to  be  ly^.  25'',.  apparent  Time,,  with  the  Dif- 
tance  of  the  Centers  2^  Y^.  It  was  a  plealant  Sight  tp  fee :  Mars  gra- 
dually approaching  the  Star,,  and  nlanifeftly  to  difcover.  his  Motion^, 
tho*  a  very  flow  one. 

With  this  let  the  Obfervation  of  pur  Horrox  be  conipared,  Jn.  1638, 
Feb.  7,  ih  the  Morning,  as  may  bie  feeh  in  his  -Letters,  p.  364.  For 
then  Mars  had  an  Appulfe  to  the  lame  Star,  apd»  came  much  nearer  it, 
but  the  Conjunftion  was  over  before  his  rifing.  *  • 

To  thefe  add  the  Obfervation  of  iSj/irw,  Jan.  25.'  tiK  25^  equalTime, 
rtiade  by  Dr.  Pound.  Then  the  Planet  was  difliapt  from  the  Star,  which 
is  the  58  of  Virgo  in  the  Britijh  Catalogue,  13^.  16''^  towards  the  South, 
and  followed  it,  with  2^  30"^^  Right  Afcenfion.  The  Star  was  in  ^ 
19®.  21^  52^ with  North  Latitude  z^^ ^f.  25^^        ' 

SrS"sa^      XXXII.  Sept.  44,.  Afternoon  8\  .38^  20'';  the  iniDoft  Satellite  of  >3 

tcUitc'i?/ Jupi- -?'^^  began  to  emerge  over-agaihft  the  Space  which  is/extended  between 

ter,  at  Rome,  the  two  Belts  of  Jupiter.    The  Obfervation  was  made  with  a  Telelcope 

&c.  17x3,  iy  of  Mr.  Andrew  ChiarelUr  of  the  Length  of  40  Roman  Palms.     After- 

Mn^'n  \o  ^^^^^  ^^  **•  44"^  ^^  ^^ird  Satellite  appeared  to  be  fo  united  with  the 

p.  89.  '  fourth,  that  both  feem'd  to  be  but  one  Satellite.     They  were  diftant 

from,  the  Center  oi  Jupiter  about  54-'of  his  Diameters.   But  at  9^.  4^  they 

were  again  disjoined.   The  Fourth  in  an  inverfe  Situation  appeared  fpme- 

thing  more  deprefsM  than  the  Third,  arid  fomething  more  diftant  from 

Jupiteti.    Therefore  it  was  more  NcJrtherly  than  the  Third.. 

Sept.^zt  io\  36^  23^^  the  firft  or  the  inmoft  Satellite  began  to  emerge 
from  the  Shadow,  in  ia  Tube  of  25  Palm^,  of  Mr.  Campani. 

Nov.^j  at  7**,  32^1  22^^  the  firft  Satellite  began  to  emerge,  when 
feen  thro*  a.TuDe  of  Mr-  ChiareJli  of  40  Palms.  Afterwards  the  fame 
Night  at  y^.  \S'  the  Firft  and  Second  are  very  near^ and  at  7^  53^  the  fame 
were  fo  near,  that  they  could  fcarce  be  diftbguilhed  from  one  little  Point* 
Bee.  9,  n.fi.  or  Nov.  28,  old  ft.  at  5^  45^.  45''',  the  firft  Satellite  be- 
gan to  emerge  from  the  Shadow  of  7«^/V^. 

Dec.  21,  old  ft.  at  5^  50^  22^^  the  firft  Satellite  was  again  feen  as 
beginning  to  emerge  out  of  the  Shadow, 

N.  B.  From  thefe  Obfervations  reduced  to  an  accurate  Calculation^  it^  is 
very  plain^  that  the  fecond  Equation^  which  wefuppofe  to  arifefrom  the  pro- 
^rejftve  Motion  of  Lights  muji  neceffarily  be  admitted.  .  For  after  sj  Revo- 
lutions 
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htums  if  the  inmoft  Satellite^  in  w&VI>  Jupiter  has  withdrawn  from  ibe  Earth 
fnore  than  hy  a  Radius  of  the  Orbis  Magnus,  the  lafi  Eclipfe  isfeen  almoft 
9  Minutes  later  thaft  it  ought ^  according  to  the  Tenor  ofthefirfi  Obfervation: 
fVbicb  agrees  with  the  Hypothefes  of  Mr.  Caflini 

From  the  fame  it  is  alfo  confirm* d^  (which  we  alfo  have  obferved  before), 
that  the  Motion  of  the  inmoft  Satellite  of  Jupiter  is  a  little  quicker  than  in 
the  moft  elaborate  Tables  of  Mr.  Caflini,  communicated  to  thePublick  now  20 
Tears  ago.  Now  that  little  Error  feems  hardly  to  exceed  two  Minutes  of 
Time  in  each  Revolution  of  Jupiter,  or  in  1 2  Tears  -,  by  which  the  Heavens 
anticipate  the  Calculatfon  of  Mr.  Caflini.  But  when  this  Correilion  is  ta- 
ken in^  the  Agreement  will  befufficiently  accurate. 

XXXIII.  On  the  i6th  of  February  1719,  at  6*4,  thro*  a  fiiort  Tube,  Tranfit  o/thi 
we  faw  all  the  4  Satellites,  the  3  outermoft  on  the  Eaji  Side  of  Jupiter^  sf'L^n    ' 
and  the  innermoft  near  the  fFeftern  Limb  approaching  to  an  Eclipfe.  The  xJfsflLrt^^' 
Fourth  at  that  Time  was  about  half  a  Semidiameter  of  Jupiter  from  the  Satellite  w^r 
Eaftcrn  Limb.     Then  it  proved  cloudy  till  about  8^,  at  which  Time  '^^  ^i*k  ^f 
(thro*  the  Hugenian  Telefcope)  we  could  fee  only  the  fecond  and  third  '^^^^/^^ 
Satellites,  the  firft  being  behind  7^;^^^^  in  the  Shadow,  and  the  fourth  ^,  Mr.  J. 
chtred  upon  the  Disk.     We  faw  at  this  Time  a  dark  Spot,  a  little iVi?r/)&-  Pound, n. 359. 
ward  of  the  great  Northern  Zone,  and  near  the  Eaftern  Limb,  where  the  P-  ^^* 
Satellite  was  to  enter  on  the  Disk  ;  which  Spot  we  took  for  the  Shade  of 
the  Satellite.     The  Clouds  then  again  intercepted  our  View,  till  8**.  ^^\, 
jEq.  T.  at  which  Time  the  firft  Satellite  was  lately  emerged  out  of  the 
Shadow,  and  the  Spot  advanced  fo  far,  that  we  perceived  it  would  ar- 
rive at  the  Middle  oi  Jupiter y  near  two  Hours  fooner  than  the  Shade  ought 
to  have  dope  by  our  Computation ;  but  not  imagining,  that  this  dark 
Spot  could  be  any  Thing  elfe  but  the  Shade,  we  concluded  there  had  been 
fome  Error  in  the  Calculation,  which  we  thought  to  re-examine  after- 
wards.    On  this  Prefumption  we  left  off  obferving  till  q^.  35'.  at  which 
Time  we  were  fuiprized  to  fee  a  Notch  in  the  Limb  of  Jupiter y  near  the 
Place  where  the  former  Spot  entred.    This  laft  Appearance  agreeing  well 
with  the  Time,  that  the  Shade  of  the  Satellite  ought  to  have  entred  the 
Disk,  foon  made  us  alter  our  former  Opinion,  and  conjecture,  that  this, 
and  not  the  other  Spot,  was  the  faid  Shade.     At  9^.  39^4  ^?.  T.  the 
Notch  vaniftiing,  a  round  black  Spot  appeared  within  the  Limb,  but  in 
Contadl  with  it.     At  9^  4V.  ^e  judged  the  firft  Spot,  and  at  1 1\  45^^ 
the  fecond,  to  be  in  the  Middle  of  Jupiter. 

At  I !».  ^o\  the  firft  Spot  touched  the  Limb,  being  within  the  Disk  ; 
foon  after  which  the  Limb  in  that  Place  feemed  a  little  protuberant.  At 
i%^.  ^.  appeared  the  fourth  Satellite  juft  come  out  of  the  Disk,  and 
touching  the  Limb  in  the  Place  where  the  Protuberancy  was.  At  I2^  f. 
we  could  perceive  the  Satellite  feparated  from  the  Limb.  At  1 3**.  c^&.  the 
fecond  black  Spot,  ftiU  withia  the  Disk,  juft  touched  the  JVefiem  Limb  \ 
foon  after  which  there  appeared  a  Notch  in  this  Part  of  the  Limb,  as  it 
did  on  the  other  at  the  coming  on  of  this  Spot.    At  14**.  (/.  the  Spot 
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wa3  all  gone  off,  and  the  Limb  appeared  dear  and  endx^.  iThfe  liiJ^^pM; 
when  in  the  Middle  of  Jupiter^  was  almoft  a$  bkdt  as  the  feeond  "wbta 
near  the  Limb,  but  fomcwhat  lefs  and  a  Ktde  mofe  Ifmbtrtf. 

At  the  Time  that  the  firft  Spot  was  in  the  Middle  of  the  I^k,  die 
three  innermoft  Satellites  appeared  to  the  E^  of  jf^/^r ;  Ae  firft  (as 
aforefaid^  having  latelv  emerged  out  of  the  Shadow ;  the  fecond  beiiig 
almoft  at  its  greateft  Uiftance  -,  and  the  tlurd  having  paffed  the  Axis  w 
the  Shade  about  twelve  Hours  before,  and  appearing  at  this  Time  about 
three  Diameters  of  Jupiter  from  his  Limb.  The  Times  that  thefe  Spots 
arrived  at  die  Middle  of  the  Disk  are  agreeable  to  the  Times  found  by 
Calculation,  in  which  the  fourth  Satellite  and  its  Shade  ovt^  to'  have 
appeared  there.  From  all  yrhich  'tis  very  plain,  that  the  firft  of  thde 
Spots  was  the  fourth  Satellite  itfelf,  and  the  fecond  its  Shadow. 

We  have  feen  the  firft  and  fecond  Satellites  appearing  not  as  dark 
Spots,  but  as  bright  ones  (fomcwhat  different  from  the  Light  of  Jupiter) 
for  fome  little  Time  after  they  entred  his  Disk,  but  as  they  approached 
nearer  the  Middle  we  loft  Sight  of  them.  Aiid  we  have  frequendy  ob- 
ferved,  that  the  fame  Satellites  appear  brighter  at  fome  Times  than  at 
others  ;  and  that  when  one  of  them  hath  fliined  with  its  utmoft  Splen- 
dour, the  Light  of  another  hath  been  confiderably  dhninifhed.  From 
whence  'tis  very  probable  at  leaft,  not  only  that  the  Satellites  revolve 
upon  theu-  proper  Axes,  but  alfo  that  fome  Parts  of  their  Surfaces  do 
very  faintly  (if  at  all)  refleft  the  Solar  Rays  to  us. 

All  which  hath  for  fome  Time  fince  been  obferved  and  taken  Notice 
of  by  Meff.  Caffini  and  Mraldij  as  may  be  feen  in  the  Mmoirs  of  the 
Academie  RcyaU  for  the  Years  1 707  and  1 7 14. 

Tables  A         XXXIV.  It  being  now  26  Years  fince  Mr.  C^w's  Tables  were  pub- 
eXW/A^  liftied.  Length  of  Time  hath  difcovered,  that  the  Motion  of  die  firft  SateJ- 
firft  Satcmtc    lite  is  a  fmall  Matter  fwifter  than  M.  Caffini  hath  fuppofed  it  5    and 
9/  Jupiter,  h  Mr,  'Pound  has  of  late  applied  himfelf  to  rectify  by  frequent  Obferva- 
Mr.].  Pound,  ^^^  ^{^^^  }jg  found  amils  in  his  Calculus  ;  and  has  put  it  into  a  Form 
p.  io2i         ^^^^  eafy  and  compendious,  by  bringing  what  M.  Caffini  had  given  u& 
ih  odd  Numbers,  to  die  Millefimals  or  a  Circle,  both  as  to  Numi.  1. 
which  he  calls  Numt.  A.  being  the  mean  Anomalie  of  Jupiter  in  fuch 
Parts ;  as  alfo  to  Numb.  II.  or  our  Numb.  B.  which  is  the  Diftance  of 
the  mean  Plftce  of  Jupiter j  from  the  true  Place  of  the  Suny  and  which^ 
with  the  Addition  of  the  Equation  of  Numb.  B.  gives  the  true  Angle 
of  Commutation  in  tlte  lame  Millefimals  of  a  Circle.    And  having  de- 
ducted from  the  Epocbes  the  greateft  Equations  both  of  Numb.  A.  and  B. 
he  reftores  them  again  by  adding  as  much  to  the  Equations  ttemfclves> 
by  which  Means  ttev  all  become  affirmative,  fo.that  the  whole  Compu- 
tation is  performed  by  Addition  only. 
♦  m.  fupr.        In  N^  2 14.  of  the  Phil  Tranf.  ♦  there  is  an  Epitome  of  M;  Cuffintt 
\x(m^   Tables,  where  the  Method  of  his  Calculus  is  explained  at  large,  for  which 
Reafon  this  fliotterDefcription  may  at  prtfcnt  fiiffice. 
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The  Edipfes  of  the  firft  SatclUte  of  Jufiter  afford  the  beft  Means  of  W^Ufe  rfth 
^etennbing  the  Longitude  of  Places  on  the  Land,  where  Telefcopes  Tables. 
of  a  convenient  Length  may  be  ufed ;  thirteen  of  thefe  Eclipfes  happen- 
ing every  23  Days  •,  and  that  the  Obfcrver  may  know  near  the  Matter, 
when  thefe  Opportunities  offer  themfelves,  he  may  readily  compute 
the  Times  of  the  Immerfions  or  Emerlions  of  this  Satellite  with  great 
]Ejca£biefs,  by  following  very  ihort  Precepts,  which  admit  of  no  Ex- 
ception or  Caution,  viz. 

Out  of  the  firft  Table  take  the  Epocbe  for  the  Year,  with  its  corre- 
sponding Numb.  A  and  Numb.  B ;  and  to  them  add  out  of  the  Tables 
of  Months,  the  Day,  Hour,  Minute  and  Second,  neareft  lefs  than  the 
Time  of  the  Eclipfe  you  feck  for,  together  with  its  Numb.  A  and  B  \ 
the  Sum  of  the  Times  is  the  mean  Time  of  the  Middle  of  the  Eclipfe. 
2.  With  Numb.  A  thus  collected  take  out  the  firft  Equation  of  the 
Conjun6Hons;  as  alfo  the /Equation  of  Numb.  B  always  to  be  added 
to  Numb.  B  before  found.  3.  With  Numb.  B  fb  equated,  take  out  the 
iecond  iEquation  of  the  Conjun£)ions ;  and  in  the  laft  Table,  the  third 
^Equation,  as  alfo  the  Semi-duration  of  the  Eclipfe  anfwerins  to  Numb. 
A.  4.  To  the  mean  Time  of  the  Middle  of  the  Eclipfe,  add  all  thofc 
three  .Squatipns;  the  Sum  fhall  be  the  true  equated  Time  of  the 
Middle  of  the  Eclipfe  fought/  5.  li  Numb.  B  equated  be  lefs  than 
500,  fubtraA  the  S^miduration,  and  you  will  have  the  Time  of  the 
jfmmerfion,  or  if  it  be  more  than  500,  adding  the  fame,  it  will  give 
the  Time  of  the  Emerfion. 

But  Note;  the  Times  thus  found  are  equal  Time,  ftill  to  be  reduced 
to  the  Apparent :  And  that  in  the  Bijfextik  Year,  after  Februaryj  one 
Day  is  to  be  dedufted  from  the  Day  of  the  Month. 

Let  it  be  required  to  find  the  Time  of  the  Immerfion  of  this  Satellite 
mto' Jupitef*^  Shadow,  November  the  g/it  17 19,  in  the  Morning.  The 
Work  ftands  thus. 


/ 


D.     h. 
lyig,     I  .    6  .  II 
Novem.     7  •  ii  .  53 


Conj.  Med.    8  •  18  •  4  •  42        944  172 

iEquat.  I.  5'^  •  53    .  loMq.B. 

iGquat.  11.  10        ^ 

iEquat.IIL  '3-26  •     182B.  iEquat, 

8  •  19  •  10  «  27 

1  \  6  .  33  Smidur.  Subfi. 


Novm.    8  .  t8  •    3  *  54 
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So  that  by  thisGi2;«&/,  Ofi  the  ^tb  of  Ncwmter^  iat  four  ]ICmii|c& 
alter  Six  in  the  Morning,  equal  Time,  may  be  fceA  the  hmmrfiM  of 
this  SateUite  into  7flf^7^s  Shadow. 

Another  Example  &all  be  of  the  Emerfion  on  the  ^th  of  J^l  t7lo>  tro. 
D.    h.       ,       „         Nu-A*       Nu.B, 
17209       o  •  20  •  22  .  40  ^^^  310 

April       4  •  13  •  44  •  X2  Bifs«     ;&2  244 

Conj.  Med« 
JEquat.  L 

Equat.  II.  ^  •  ^:>  

iEquat.  Ill*  3-^9  5^7  S*  JSjopax, 

I  •     5  •  40  ^*^*^*^   ^^ 

April        5  •  12  .  ox  •  09 

Hence  it  appears,  that  at  one  Minute  after  Midnight  following  tfie- 
5tk  of  AprtU  equal  Time,  will  happen  the  Emerfion  required. 

It  may  not  bs  amifs  to  inform  the  Reader,  that  we  hare  learnt,  by 
die  Experience  of  n)any  Years  Obfervation,  thar  the  fecoad  Inequality 
^  this  Satellite  proceeds  from  the  progreflive  Propaggdon  of  JLi£^c, 
and  is  common  to  all  the  reft  of  the  Satellites :  Light  being  found  ta 
proceed,  ia  about  fevea  Minuter  of  Time,,  as  far.  as  from.the  Sua  to 
she  Eaith^  whedier  with  an  equable  Motion  or  otheipwife  is  flill  a. 
Qudlion.  For  thisReafonwe  have  added  a  third  EqsHUian,,  whereby 
to  account  for  the  greater  Diftance  of  Jupiter  ftom  the  Earth  in  j^h^ 
than  in  PeribeH^^  as  the  fieond  jEquatiom  anfwers  to  the  gtseater  Diflance 
of  the  Planet,  when  near  the  Coajundioa  of  the  Sun,,  thaa  when  near 
his  Oppofition. 

CUemtions  XXXV.  The  Rererend  Dr.  PoMnd^  fecond  to  none  in  Art  or  Induf^^ 
•nfimoftbi  tFfy  has  offered  the  following  Obfervations  to  be  communicated  to  the 
^''^^J^'l^  Publick,,  made  by  him  at  Wanfieai  with  gpeat  Accujacy,  with  very  long 
^aduuion  f/-Tubes  and  a  Micrometer. 

•  fixtStar.  ly  Anno  1715,^^^.  2-1,  8^  25^4  equal  Hme,.A&rf  preceded  in  Right 
Japiter  5  if  Afcenfion  the  middle  Star  in  the  Forehead  of  Scorpio  {Bayer  *)  by  6^ 
Mr.  J.  Poond,  g^//^  jj^g  j^^^  ^  ^^  jf^^  ^h^  jj^g  Star  by 9^  47^. 

n-35o-P-5o«^-     5^/.  18,  7^  30^  A&rj  preceded -the  bright  Star  m  die  Foot  of^^- 
pentariusj  {Bayer  I)  by  17'.  48^  and  had  the  fame  DecHnadon  exaftly. 

November  30,  18".  8^  SatM^  preceded  y^  ot  the  Second  in  the  Wine 
of  Virgo,  by  23^  19^',  and  was  more  South  than  the  fixt  Star  by  25^.  3  . 
But  December  4,  17^.  25^.  it  piieceded  it  by  10'.  ff/\  and  was  more 
South  by  29^  oo^^ 

.   Anna  17 16,  Feb.  22,  7^  23',  equal  Time,:  Mars  preceded  C  in  Pifces^ 
c»r  the  fubfequent  of  the  three  bdght  Stan  in  the  SoumemString  of  Pifces, 

by 
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by  j'.  isf^i  and  was  moit  tp  iJbc  Soutji  ch^n  «hc  fame  by  i'.  zfy  which 
therefore  he  ought  to  cover  before  two  Hours>  perhaps  corporally. 

June  0.7^  8*.  sz\  equal  Timci  F^aw  foUowM  the  Lion^s  Heart  at 
34 .  50^^  and  was  more  South  tbao  the  fixt  Star  by  f.  23''. 

-Ajf.  14,  i^^.  o\  Jupiter  preceded  Pr$pus  by  only  one  Minute,  with 
Northern  Declination  leis  than  14^  26^. 

-^<f-  ^9>  ^3^'  2^  ^^^^  preceded  the  Tclefcopic  fixt  Star  which  is 
cailM  i,  %  50^  08  ,  having  the  (ame  Declination  exadUy. 

Auz>  24^  12K  10^  Jupiter  in  the  Micrometer  was  diftant  from  the 
aforelaid  h^  5^.  54  9  and  at  the  fame  Time  from  another  brighter  fixt 
Star  u^  /.  i/'.  TbeDiftance  of  the  fixt  Stars  was  la'.  31  •  Then 
the  lefler  Diameter  oijujdt^  was  o',  jS'^. 

Sept.  12,  ly**-  o^  Verms  newly  Come  from  her  fecond  Station  foU 
low'd  a  Telekropic  Star  at  i  /.  40^^,  and  was  more  Southerly  than  it 
by  5^.  y/\  This  fixt  Star  was  then  in  «l>  27*^.  44'!,  with  South  La* 
titude  5^.  39'. 

.    O^ob.  15^  17^  12^4^  Vemts  m  the  Micrometer  was  diftant  a/,  55^^^ 
from  a  fixt  Star  t  in  the  Leg  of  the  Lion. 

Nov,  20,  6\  18^4^  Jupiter  went  back  to  the  Stars  ^  and  i,  at  which 
he  was  obferv*d  A(g.  24^  and  was  diftant  from  i  6\  %\"^  from  a  1 1^  36^'* 
iViw.  2i>  7^  38^  Jupiter  was  diftant  from  *  9'.  19^^*  and  from  a  3^ 
48''.  The  Stars  were  diftant  from  one  another  12'.  30^.  Jupiter* %  Axis 
or  lefler  Diameter  was  o'-  44^^.  Afterwards  at  li^.  50'.  the  Star  a  feem'd 
to  adhere  as  it  were  to  Jupiter^ t  Limbi  and  was  about  ^  of  his  Semidi-* 
ameter»  or  o^  1 5^>  more  to  the  North  than  the  Center  of  Jufittr.  Now 
according  to  thefe  Obfervations  it  appears^  that  the  Middle  of  the  Oc* 
cultation  of  the  fixt  Star,  by  the  Body  of  Jupiter  interpofing,  happened 
Nov.  2i>  i9ii»  s^\  very  nearly.  Afterwards 
JVirt;.  30.  ^^  41'  V  preceded  Propus  \i!.  36^  more  Southerly  *f.  36^ 

t)ic.     4.  6*     o  ^  followed  it 22.  49  '■      ■    "       ■    ■■  j.  47 

Hec^    .5.  6*    o  Repeated   ■■   ■    ■■■    ^i.  35         ■  ■■   «  ' 7.  50 

Hec.    6.  6»    o  Again         40.  30    '  ■    ■»     ■   • 7.  52 

jD^.     7.  4k    O  Again      ^ 49.  15    —       »   .■  .      7.  54 

From  thefe  iaft  Obfervatiatts  it  qppears^  that  Jupiter  and  Propus  had 
the  lame  Loagitude  2)«t.  i^  15^.  £9<»  ^  what  Tune  Jupiier  was  more 
<o  the  South  i£an  the  Star,  by  /.  40^^.  From  the  iame  it  will  alfo  ap- 
pear, that  Jupitet  was  in  Oppofition  to  the  Siuh  as  to  Right  Afcenfion* 
Dec^  6^  12K  46^;  but  as  tto  Longitude  !)«•.  6,  12^  34^4. 

N.  £.  TfaofeTele&opic  Stars,  call'd  a  and  ^  are  had  in  Mr.  Flam- 
Jteed^%  Brityb  CtCakgue  of  the  fixt  Sliafis,  wherein^  at  the  Beginning  of 
ilie  Year  1690,  the  Place  affign'd  to  «  jb  n  27^.  54^  %^^\  with  South 
Lwitude  Q\  %x\  5/C*  The  Place  of  the  ctduer  *  \%  n  28^.  5'.  24'^; 
wtfh  Sooth  Lajdtude^S^.  5^.  Keitber  do  we  Jcnow  ^ny  ocher  iiH  Star 
iiid  by  the  Body  of  Jupiter^  Jttd  oblfervcd  fince  die  InveiKion  of  ch« 
Telefcflpe,  eRce|)C  >die  ifordaid  6iar  a  ^  to  w^iich  heretofore  Jupiter  ap* 
ply^diunfidfveiycbfclyi^grQinBii^Z^^  16335  ^ 

in 
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in  the  Evening.  Then  at  Ditda^  Gaffendus  faw  Jupiter  in  Conhin&ioa 
*  with  this  Bxt  Star,  and  not  above  five  Semidiameters  of  his  Bodfy  "^sixyvt 
it  Whence  a  Caiculation  being  duly  made,  it  will  appear  that  die 
Nodes  of  thb  Planet,  and  the  Phun  of  its  Orbit,  keep  their  Situation 
immoveable  in  the  Sphere  of  fixt  Stars,  or  at  leaft  are  moved  with  a 
very  flow  Motion.    See  Gujfendu^s  Obfcrvations,  Tom.  IV,  p.  162. 

Rcaification  XXXVI.  M.  CiMni  above  30  Years  communicated  to  the  WcMrld 
•/"/i^^Moiionshis  Difcovery  of  the  two  new  Satellites  of  Saturn^  which  made  their 
^ftheji'ui  Sa-  Number  Five.  Much  about  the  fame  Time  Mr.  Huygens  made  the  So-^ 
SJT'  S"  ^^^y  *  Prefent  of  the  Glafles  of  a  Telefcote  of  1 25  Foot  Length,  with  the 
Obferv^ons  Apparatus  for  ufing  them  without  a  Tube  -,  by  Help  whereof  we  might 
h  Mr.  J.  have  fatisfied  ourfelvcs  of  the  Reality  of  thefc  Difcoveries.  But  thofe 
^<>"°*^»»-355-herc,  that  firft  tried  to  make  ufe  of  this  Glals,  finding,  for  want  of 
^'  '  Praiftice,  fome  Difficulcies  in  the  Management  thereof,  were  the  Occa- 

fion  of  its  being  laid  afide  for  feme  Time. 

In  the  mean  Time  the  French  Aftronomers„  giving  us  in  their  yearly 

Memoirs  no  Obfcrvations  of  thefc  Satellites  till  very  lately,  nor  having 

feem'd  willing  to  fhew  them  in' their  Glafles  to  fuch  as  requeftcd it,  6c- 

cafioned  in  fome  Perfons  a  Sufpicion  of  the  Reality  of  this  Difcovery : 

And  Mr.  Derbam  having  borrowed  of  the  Society  their  long  Glai^  could 

not  thereby  aflure  himfelf,  that  the  fmall  Stars  he  fometimes  found  about 

Saturn^  were  really  his  Satellites,  their  Situation  not  agreeing  with  their 

Places  derived  from  the  Tables  of  their  Motions  exhibited  inN^  187. 

•  ri^.Supr.    *  oi  Phil.  TranfaS.  befides  that  he  wanted  a  fufficient  Height  to  raifc 

V.  I.  C.  IV.  the  Objeft  Glafs,  fo  as  to  view  Saturn  to  Advantage,  above  the  Va- 

S.  LXXXJI.  pQur  of  the  Horizon,    But  in  xht  Memoirs  for  1714,  M.  CaJ/ini^  the 

worthy  Succeflbr  of  his  great  Father,  has  given  us  fome  Obfcrvations; 

which  clear  up  the  Point,  and  by  fhewing  the  Errors  of  thofe  firft 

Tables,  has  enabled  us  to  be  aflured,  that  we  have  feen  the  whole  Sa- 

tellitium  of  Saturn  ourfelves. 

The  Subftance  of  thefe  Obfcrvations  is  as  follows  : 
Anno  1 714,  May  6,  St.  N.  about  Mid-night,  Saturn  bemg  then  Sta- 
tionary in  ^  4^  1/9  the  fifth  and  outeimoft  Satellite  was  in  its  fupcrior 
Conjunftion  with  the  Planet,  and  at  the  lame  Time,  the  Earth  was 
nearly  in  the  Plain  of  this  Satellite's  Orbit,  fo  that  it  appeared  to  pafd 
very  near  the  Center  of  Saturn :  From  hence,  and  from  lome  orfier  pre- 
ceding Obfcrvations,  M.  CaJ/ini  concludes,  that  the  Nodes  of  this 
Satellite's  Orb  are  in  four  Degrees  of  ^  and  X,  and  that  its  Inclination 
to  the  Ecliptick  is  not  much  more  than  half  that  of  the  other  Sa* 
tellites.  Hence  it  ihould  foUow  that  theEUipfes  it  ddfcribes  by  its 
apparent  Motion  about  Saturn^  when  in  n  and  t  are  much  flatter 
and  nearer  to  his  Body,  than  thofe  of  the  other  four,  which  he  al- 
lows to  move  in  the  Plain  of  the  JRing^  and  to  have  their  Nodles  in 
21  gr.  of  ^  and  X,  with  an  Inclination  to  the  Ecliptick  c^  31  Degreesl 
To  confirm  this  Difcovery^  he  pnxluces  another  Ooforvation  (^his  Fa- 

thcr's^.. 
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dmr^s/  near  thirty  Years  before,  wz.  that  Amio  16859  May  31,  5a  iNT. 
about  Noon,  the  £une  Satellite  was  obfenred  in  foperiour  Conjunc* 
don  with  Satufw^  with  lels  than  one  Diameter  of  the  Ring  N&rib  La- 
titude, Saimm  being  then  in  ^  II^48^  So  that  the  Satellite  wanted 
buty**.  21'  of  completing  134  Revolutions,  in  the  Interval  of  Time 
between  them.  From  thefcJDii/a  it  was  eafy  to  fettle  the  Theory  of 
this  Satellite. 

As  to  die  Fourth  J  or  the  Hugenum  Satellite  \  in  the  Mmoirs  for  171 5, 
ve  find  a  very  curious  Obfervation  of  it,  and  the  firft  of  its  ICind,  viz. 
ximtAtdrt  25^.  S.N.  about  iiK  P.M.  this  fourth  Satellite,  then  in 
Apogeo^  did  immerge  behind  the  Body  of  Saturn.  With  this  Emenda^ 
tion  the  Place  of  this  Satellite  may  for  the  future  be  computed  with  a 
fufficient  Exadneis. 

The  third  Satellite,  by  an  original  Miftake  in  the  Letters  in  N°.  187, 
•is  all  wrong;  its  daily  Motion   being  there  printed   2*.  i8%  4 1^  •^</ Supra, 
50''  inftead  of  2*.  19%  41^  50^^ ;  as  may  be  perceived  by  the  P^*^^  ^'lxxxii^' 
therecf  being  determined  in  the  aforefaid JVffiwwrfi  of  17 14,  to  be  4*.   ' 
lo**.  7.^.  1^".  that  is,  that  it  makes  40^  Revolutions  in  1807  Days« 
This  Satellite  was  obferved  by  M.  Caffinu  April  4**  St.  N.  io\  P.  M. 
to  have  newly  paft  its  inferior  Conjunftion  with  Saturn^  and  a  Perpen- 
dicular from  it  fell  on  the  Extremity  of  the  Weftern  Anfe^  fo  that  at 
about  5K  P.  M.  it  was  with  the  Center  of  the  Planet  then  in  m.  5^. 
2/,  and  confequently  in  K  5<>.  23^.     But  at  the  Beginning  of  the  Gre^* 
gorian  Year  1686,  the  Epacbe  thereof  was  '^  9^.  39^     So  that  from  the 
Noon  of  the  laft  oi  December  1685,  to  April  4^.  6\  iV.  anno  1714, 
that  is,  in  10320  Days  6\  i8^  there  have  been  made  22 84T  Revoluti- 
ons of  this  Satellite  to  the  Equinoftial  -,  from  which  Data^  the  Tables 
of  its  Motion  are  readily  derivable. 

The  Radix  of  the  Penintime  or  fecond  Sdteitite,  according  to  the  afore- 
faid  Letter,  at  the  Beginning  of  the  Gregman  Year  1686,  was  in  •*  9^. 
lo''.  But  by  the  Obfcrvations  of  M.  Caffini  made  the  Nights  before  and 
after,  this  Satellite  was  in  its  fuperior  Conjundtion  anno  1714,  April  4^ 
2i^4--  St.  N.  that  is,  in  nR  5^.  21^  where  Saturn  then  was :  So  that  Aprii 
4*.  22^.  12',  an  entire  Number  of  Revolutions  were  performed  fince 
the  Epocbe  of  1686,  that  is,  in  10320  Days  22^.  la'' :  Which  Number 
can  be  no  other  than  3771,  according  to  the  Period  thereof  given  in 
this  Memoire^  viz.  q}.  ly^.  41^  22^^^ 

Laftly,  The  innermoft  or  firft  Satellite,  at  the  fame  Time,  viz.  1714^ 
April  Ar^.  21**.  30^  St.  N.  was.  in  its  inferior  Conjunftion  proxime^  and 
confequently  in  K  5^,  21^  But  the  Epocbe  thereof  for  1686,  is  ^f.  24^; 
50^  which  Place  the  Satellite  had  paft  40  gr.  3 1^  at  the  Time  of  the 
Obfavatfon.  This  Arch  it  moves  in  5K  6':  Wherefore  from  the  Time 
of  the  Epocbe  to  April  4^  i6\  24^  171 4,  or  in  10320  Days  16^.  24^; 
the  Satellite  has  performed  5467  Revolutions,  its  Period  being  deter* 
mined  to  be  1  Day,  21  Hours,  i8^  2/^  in  this  Memoire. 

*    i 
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ibtnng  fay  the  Hdp  of  thcfe  iate OUcrfatiDn  cdmBoA  lixVLcAmk 
of  the  Satettiitt^  nd  having  fixed  their  Ef^Aes  for  the  preleM  Ymt^ 
we  were  enabled  to  know  vrbxxt  to  expeft  thtoi  wkh  mofe  Oanaiii^ 
and  to  diftingui(h*them  one  from  another,  and  fcom  die  tinA  fixe  ftaa* 
appearing  with  them.  And  Mr.  J.  Pound  having,  by  Means  eif  hk 
Steeple  of  fFofi/icd^  provided  a  GnamcM  high  eaoi^  for  the  Fsipoft^ 
and  having  fitted  a  very  commodious  jifparatus  for  ufing  tii6  tei^^ 
afore&id  long  Telefcbpe^  iboii  diftovered  by  it  all  thefe  five  SattHiats  \ 
and  lately  communicated  to  diem  die  following  OWervatbm. 

1718.  April  2I^  lo^  40^    The  tiiird  and  fourth  ShteHkes  of  Sktmm 

were  in  AfogMO^  a  litde  pail  their  Conjan66on  with^tfftrry;  A  Pefpen* 

dicutar  from  the  fourth  to  the  tranfvcrfe  Atds  of  the  Ring  (or  Line  of 

the  Anfa)  fell  a  little  without  the  Eaftern  Anfa  ;  and  a  Line  tbnmgh  dtt 

F'S'  1 3  2'      fourth  and  third  touched  the  Eaftehi  Limb  of  Saium^  Fig*  i^i. 

The  firfl:  was  Northward  of  the  Line  of  the  An^  (and  therefore  in 
die  ApogMn  Semicircle  alfo)  dtftant  frotn  the  faid  Line  about  9&i2Xt% 
the  End  of  the  conjugate  Axis  of  the  Ring  was  imas,  the  Center  of  \^ 
viz.  nearly  \  of  Saiurf^s  SemidiameCer ;  and  it  was  about  a9M)idtt* 
meter  of  the  Ring  from  the  Weftem  An/a. 

The  fecond  was  a  very  little  Soudiward  of  the  liihe  of  the  Anfit  (and 
therefore  in  the  Pmgsem  Semnchxle)  above  a  Semidiameter  of  the  Rii^ 
4*  the  Semidiameter  of  b)  from  the  Weftem  .^^fs;^.  And  thetfaM^ 
ftrft  and  fecond  were  in  a  ftrait  Line. 

At  lo'^.  50^  A  Perpendicular  from  the  third  to  the  Line  of  the  j^^ 
fell  abnoft  on  the  Middle  of  the  bright  Part  of  the  Eaftern  Jfrfa^  oit 
ibmevrhat  nearer  the  Center  than  the  laid  Middle. 

April  22^  1  \\  5^  The  four  innermoft  Satellites  were  all  Eaftwaid 
of  h.  The  2**  and  4***  in  the  Apcgacn^  and  the  i*  aid  3^  in  the  Peri- 
gsm  Semicircle.  A  Line'  thro*  the  2*  and  4^  touched  the  Soutb-E^ 
Limb  of  b .  A  Line  pafling  through  the  ^^  and  the  End  of  liie  ccm* 
jugate  Axis  of  the  Ring,  was  parallel  to  the  Line  of  the  Anfe. 

At  11^  10^  A  Perpendicular  from  the  firft  to  theLineof  iiie.^j!i|s/^^ 
Fig.  133-      fell  on  dxe  Eaftern  Extremity  of  the  Ring,  Fig.  133. 

Thefe  Diftances  and  Diredions  were  taken  only  by  Eftimation^  and 
not  by  any  adtuai  Meafurement. 

The  fifth  (or  outermoft)  Satellite  being  at  this  Time  near  its  greateft 
Elongation  Eaftwardy  among  fcveral  very  fmall  Teldcopick  Stars^  he 
could  not  determine  its  Pofition.  But  by  obferving  the  Motion  of  diis 
fome  other  Nights  before,  he  was  now  fully  fatisfied,  from  the  Motions 
rectified  as  above,  that  there  are  five  Satellites  of  Saturn^  as  M.  Cafim 
had  long  fince  alTerted. 

In  the  bright  Part  of  each  Anfa  was  a  darldOi  Elliple  nearer  tt>  die 
Outfide  than  the  Infide  of  the  Ring,  as  if  it  was  compofed  of  two  Rings 
near  to  one  another. 

On  the  Body  of  ^,  befide  the  Ring  on  the  S&utb-GdCj  there  aj^>e8r* 
cd  on  the  Narf b-fidt  a  Zone  not  fo  far  from  the  Cditer  as  the  Ring,  and 

not 


of  tbi  five  Satellites  of  Saturn.  «  8 1 

jioc  much  unlike  the  finalleft  of  Jupitef^z  Bdcft.    Which  Appearances 
iveie  filft  ttkep  Notice  «fiir  M.Oififih  ia  PhU.  rranf.  ^N""  12!  «  fU.  £»». 
vide  Kg.  I ^  V.I.  CIV- 

It  is  not  to  be  enefted  tbtt  thcfe  Satellites,  exceedingly  mmutc  in  S.  LXXVI^ 
rigmJ6.1vi3»  wA  fo  nintiy  iiluxntnated,  Ihould  afxxar  when  the  Air  is  t^.  13^. 
hut  ordinarily,  fcrene^  they  requiring  not  only  the  Medium  to  be  fummo 
mod9  defecate  and  limpid,  but  withal  in  perfefb  Darknefs.  For  which 
Reafons  it  may  well  he  underftood  why  tne  Gentlemen  of  the  Parifian 
Obfervatory  oiay  have  fometimes  made  a  Difficulty  to  undertake  to 
Ihew  them  upon  Demand. 

XXXVn.  By  Help  of  the  bte  Obfenrations,  asd  making  fome  Cor^  Coma  Ta- 
eefiion  in  the  Motions,  we  owe  the  whole  Syftem  of  Saturn* %  Satellites  ^  ?f  ^^ 
to  Mr.  HtQgenfs  Telefcope:  And  taking  in  the  accurate  Obfervadons  g^tun^  X» 
«f  the  Reverend  Dr.  James  Pounds  we  have  obtain'd  the  following  Ta*  SateUkes,  h 
blcs,  which  very  well  agree  with  the  Heavens.    That  is,  by  addinjg  2^.  —  n.  3s^» 
9'  to  the  Motion  of  the  Inmoft,  and  j*.  25^  to  that  of  the  Inmoft  but  ^J^3^J 
one,  retaining  the  Epochs  of  M.  Ct^m  to  the  Year  1686.    Alfo  in-  y.i.  c'iv. 
cresifing  the  annual  Motion  of  the  Ontmoft  by  9^  and  taking  away  S.  LXXXIL 
j6*  from  the  E^b^  which  in  the  Epiftle  N®  1B7,  was  faultily  wrote    . 
K  16®.  1^  for  K  o**.  i6\  we  found  that  of  Hmgeas  to  be  yearly  6' 
ilower.    But  we  have  been  obliged  intirely  to  reform  the  Tabfes  of  the 
Third,  vegt  ftill  retaining  the  Epccb^  becauie  the  daily  Motion  delivered 
in  that  Apiftk  was  utterly  £dfe«  * 


9  ■■! 
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A  ^abU  of  tht  man  Motions  of  the  inmoft  of  Satam*^  SateSr/et, 
difcover'd  by  M.  Caflini,  An.  1686. 
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AtsUe  §f  thi  Mean  Motions  $(  tht  Inmoft  hut  one  of  the 
Satellites  i?/*  Saturn,  difiover*a  by  M.  Caffini,  Anno  1686. 
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difcovered  by  M.  Caflini,  AmwA^ji^ 
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TYiemeaoMctfiioopf  i|lt\e5«(dU      beiog  tlws  fettled,  their  Reroludons    *^ 
Feiy  jie«r  the  Tcuth  mil  .be  JJMe  foHoiriiig. 

Of  the  firft  or  inmoft 

Of  the  fecond  or  inmoft  but  one 

Of  the  third  or  Middlemoft 

Of  die  fourth  or  that  of  Htffgens 

Of  .ihe  fifth  or  outmoft  75,      ,     ^_     ^_ 

Now  accordi^  to  the  univofal  Law  of  Nature^  ^t  lead  in  this  our  Syf* 

tem,  and  which  obtains  as  weU  in  the  Motions  of  Jupifer^s  Satellites  and  of 

the  Moon,  as  in  thofe  of  the  Primary  Planets  about  the  Sun  ;  if  we  fuppofe 

their  CentHpetal  Farc<^  towards.  &/Krji  to  be  in  a  reciprocal  duplicate  Ratio 

f>f  their  JDii£uices.  and  therefore  the  Cubes  of  their  Diftances  from  die  Cen^ 

ter  to  be  as  .the  Squares  of  their  Periodical  Times  :  From  the  given  Dif- 

taace and Periodof  that  of  Hujgens^  the Diftances of  the  others  will  come 

out  as. follows. 

SemiMam.  Semidiam. 

Satur^s  Ring.        Satum\s  Body. 
,)i3tiftw(e  t^  the  Firft  1*9289  4-3400 

Second  2^708  5-5593 

Third  3*4508  7-7^43 

Fourth  8,oooo  18.0090 

Fifth  23.3146  52-4578 

And  theie  Diilances  very  well  4gree  with  M.  C^fini^s  Obfcrvations.  No V 
die  four  ipmoft' Satellites  defcribe  their  Orbits  nearly  in  the  Plain  of  Satum^p 
iKogV .  t^at  is,  in  ,a  P{ajn  which  to  Senle  is  parallel  to  the  Plain  of  ounEqua* 
tor,  whatever  fome  may  Pledge  to  the  contrary.  But  as  to  the  Fifth,  Mr. 
^amiiG^ijtmj  Son  to  the  former,  and  Hejr  of  his  Talents,  has  lately  found, 
chat  the  Situation  of  its  Orbit  is  fpmething  different  from  the  ixhers.  ^qe 
die  Mmairs  of  the  Academy  of  Paris,  for  the  Xear  1 7 14. 

^  XXXVIII.  The  following  Obfcrvations,  of  which  wehavenaadea  Col- ^Coflcffloii 
.kAiont  arc  extremely  accurate,  the  Mqafiires  being  t^en  with  very  long  %^q^^: 
Tubes  and  Micrometers  made  with  un^fual  Nicety.  ,^  firT-ny^ 

Jh.\^\^y  Jfril  15.  c^K  49'^,  lequal  Time,  Dr.  P^nd  obferved  at  fTan'  1718.  i^ — ! 
fiiod,  that  Jupiter  was  returned  to  that  Star,  which  Nofo.  22,  j;i6,  in  the  n.3$7- £-840. 
Morning,  .he  covered  with  his  Body  5.  (pon^erning  which  fee  PhiL  ^^^*^[^    ^^ 
,  (or  before,  p.  3 19.    Now  the  Center  o(*yiipiterM  that  Time  was  •  ^^.  fupra, 
from  that  Star,  (^ch  is  the  third  of  ^^W  in  the  £n/y^  Catalogue)  p.  319. 
%'if.  22^'  towards  the  North  5  and  at  the  fame  Time  from  another  near  it,  ***3S4  P-7*3- 
(which  is  the  fourth  in  Gemm  in  the  fame  Catalogue)  27^  i}f\  and  the 
Planet  was  very  ncairly  joined  to  this. 

April  z^  foHowing,  by  the  fame  Obferver  and  Place,  at  10^.  3^,  eqiial 
.Time,  Jupiter  was  leen  at  four  imall  fixt  Stars,  going  before,  them  all,  apd 
at  the  very  Beginning  of  flancer.  The  Center  of  die'  Planet  was  diftant  from 
€  13^  oo''^  from  A  ii\  ^%'\  (ramf  tcf.  53'',  andfrqm^  9^  27^^ 
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'-  The  Day  after,  April  26,  at  9*^.  /,  the  Center  of  Jupiter  was  diftant  JFrom 
^  8^  35^^  from/ Q^  o'\  from  g  ^.  5^',  and  from  h  13'.  50^^.  And  he  had 
now  gone  bey  ona  them  all,  except /to  which  he  was  going,  and  which  he 
ought  to  leave  very  little  below  him  the  next  Day. 

Almoft  at  the  fame  Moment,  that  is,  at  Nine  a-CIock  at  London^  the  Star 
g  was  feen  in  the  Vertex  of  an  Equicrural  Triangle,  or  almoft  EquilaM^ 
with  the  Center  of  Jupiter  and  his  third  Satellite,  tlrcn  diftant  fix  Diameters 
oi  Jupiter  towards  the  Weft ;  Cinlefs  that  the  LegK  of  the  Triangle  were 
Something  longer  than  the  Bafe.  And  within  aQuarter  of  an  Hour  the 
Angle  at  the  Center  of  Jupiter^  which  before  was  greater  than  that  at  the 
Satellite,  grew  fenfibly  Icfs, 

But  the  three  Stars  ^,  g^  ^  are  the  10,  11,  and  12  xy^Gemni  in  die  Brit^ 
Catalogue,  according  to  which  they  had  at  that  Time  this  Situation  ;  b  in 
28  o^.  22'.  i^'j  with  Northern  Latitude  o'^,  ii'.  25^^;  Aind  ^in  gs  o*. 
28^  %^\  with  Northern  Latitude  o®.  3^.  j^of^.  Laftly^  in  gs  o^  29';  '20"". 
withL^.  o^.  8^  ^\  Nor.  But  the  fourth/  is  diftant  from- the  Star  ;g'  11'. 
40^^  from  e  W.  \^\  and  laftly  from  h^id  36''^  whence  its  Place  is  given. 
From  hence  it  appears,  that  Jupiter  had  very  little. North  Latitude,  not 
greater  than  Half  a  Minute,  at  Icaft  if  Credit  may  be  given  to  die  afore- 
mentioned Places  of  the  Stars.  This  may  be  of  Ufe  to  Poftcrity,  in  deter- 
mining the  Motion  of  Jupiter's  Nodes,  if  they  have  any  Modon  at  all. 

The  fame  Year,  June  1 8,  at  London^  in  tne  Houfe  of  the  Royal  Society, 
Saturn  was  feen  very  near  a  Telefqopic  fixt  Star,  from  whence  it  was,  diftant 
towards  the  South  hardly  one  Diameter  of  the  Ring,  and  a  Perpendicular 
let  fall  from  the  Star  upon  the  Line  of  the  Anfa^  fell  upon  the  Middle  of 
the  E^em  Anfa.    This  little  fiitt  Star,  inferted  in  no  Catilogue^  dien  was 
in  ift  12^.  58^p  with  Northern  Latitude  2®.  33^  veary  nearly  ;  and  had  a 
Companion  joined  with  it  of  equal  Magnitude  four  Minutes  diftant  from  it 
towards  theEaft,  but  fomething  more  Southerly;  whence  it  may  cafily  be 
diftinguifhed,  and  its  Places  verified  at  Pleafure. 
.     \  The  fame  Night  at  lo"*.  30^  Mars  was  feen  near  the  Star  which  precedes 
is  of  Scorpio^  from  which  it  was  diftant  /.  16^.  as  mcafured  by  a  Tube  dk 
24  Feet ;  and  that  in  a  right  Line  drawn  through  the  bright  Star  #  in  ^ 
Foot  of  OpbiucbuSj  and  the  faid  fixt  Star.    Now  this  Star,  precedes  35  of 
;;  Scorpio  yJ.  2f\  of  Right  Afcenfion,  and  is  more  Southerly  xkiri  it  by  3/. 

i%'^.  Whence  its  Place  at  that  Time  was  Sagittary  j  5^.  24^  20^^  with  Sooth 
•     Latitude  3^.  59',  2sf\    But  8  in  Opbtucbus  was  then  Sagittary  ly^.  iiS\ 
withNclrth  Latitude  i^.  47'.  38^^    So  thzt  Mars^  preceded  that  Star  in 
Lonmtudc  4^  58^^.  and  was  more  Southerly  than  it  by  5^  30^^. 

Aiterwards,  Sept.  13,  4t  *8^  30'.  equal  Time,  Mars  was  fei  by  Dr,  PMwd 
to  precede  die  bright  Star  ^  in  the  Shoulder  of  Sagittary  1 1\  S4f^.  At  8K 
25'.  the  Diftance  of  the  Planet  from  the  Star  was  25'^  00^^;  cxadly, 
'  Dee.  5i  at  i8^  30^.  equal  Time,  by  the  Agreement  of  Ohfervations  fc- 
vcral  Times  r»eated.  Dr.  Pound  found  Saturrr  to  precede  the  bright  Tc- 
iefcopic  Star  that  was  near  it  2/.  ig^^  Right  Afcenfion,  and  that  it  was 
more  Southerly  than  the  Star  1^.  59^  At  the  fame  Time  Satum  preceded 
#t  jm  the  VirgifC%  Garment  1^.  25^,  21^^  and  was  more  Southerly  than  it  4'. 

05^. 


J 


^CoUedion  o/'Aftronomical  O^fvar/Zow.  331 

05^^  Hence  the  Place  of  Saturn  was  Libra  29".  i6^  21^^  Its  Northern 
Latitude  was  2®.  22^  21''^  The  Telefcopic  Star  was  then  Ubra  29".  40^ 
56^^    Its  North  Latitude  2*.  33^  43^^ 

.  -^.1718,  7tf».  7,  at  5\  30^  equal  Time,  ^^»«x  was  obferved  near  two 
Stars,  which  are  omitted  in  the  BrUiJb  Catalogue.  Now  the  Planet  was 
more  to  the  South  than  either  of  the  fijft  Stars,  being  diftant  from  the 
preceding  32^  30^^'and  from  the  fubfequent  i-f.  30^'.  The  preceding 
Star  was  then  in  PifceSy  14^.  42'.  20^^  with  South  Latitude  40^  lo^^  The 
other  fubfequent  Star  was  in  Pifces  15^.  21^  55^^  with  South  Latitude  2/. 
i^\  as  may  be  colleded  from  Mr.  Flamfteed^s  Obfervations. 

Jan.  15,  at  8**.  o'.  equal  Time,  Jupiter  preceded  «•  in  the  Breaft  oi  Cancer y 
3^.  30^  50^^  Right  Afcenfion,  and  was  more  Southerly  than  the  fixt  Star  14^ 
1 5^.  Hence  7«/)f/^sPlace  was  Cancer  28^.  20^  with  North  Latitude  36^.  45^', 

March  1 1,  at  10**.  36^  equal  Tune,  Saturn  preceded  k  in  the  Virgin^  Gar- 
ment i%\  51^^  and  was  more  Southerly  than  that  Star  5^.  23^^  Hence  the 
Place  of  Saturn  was  Scorpio  18^.  34^.  with  North  Latitude  2^.  44'.  S^\  That 
is  fuppofmg,  according  to  the  Britijb  Catalogue,  that  a  in  Firgo  was  iis  o^. 
34^  10^'.  with  Latitude  2*.  55^  40^^  The  fame  Night  at  1 7b.  oo^  at  fTe^- 
minfter  Dr.  Defaguliers  and  Mr.  Gray  obferved  Saturn  to  precede  the  Star 
19'.  oo^^  with  a  greater  Declination  Southerly  4^  45^^ 

jfpril  8,  at  1 1**.  30^  at  London^  Saturn  was  lately  feen  Acronych  very 
little  more  Wefterly  than  a  bright  Telefcopic  Star,  and  more  Northerly  than 
the  fame  by  5  Minutes.  Whence  the  Place  of  the  fixt  Star  was  Uira  28**. 
i8^  30^^  its  North  Latitude  2^.  41^  Now  a  great  Circle  drawn  tlm)ugh 
this  Star  and  Saturn  feem'd  to  be  direfted  to  a  Star  of  the  fifth  Magnitude 
omitted  in  the  Britijb  Catalogue,  but  which  according  to  Hevetius  is  in  the 
P<Mnt  of  the  Northern  Wing  of  Virgo^  whofe  Place  he  afligns  Ubr.  26^. 
It/,  with  North  Latitude  14^.  43^ 

The  fame  Night  at  13''.  20^  at  H^anftedy  a  Perpendicular  let  fall  from  the 
faid  Telefcopic  Star  upon  the  Line  of  Saturn^s  Anfa  preceded  the  Center 
of  the  Planet  about  one  and  a  half  of  the  Diameters  of  the  Ring ;  and  the 
Star  Was  diftant  towards  the  South  4^.  30''^.  from  the  Ants  of  the  Anfit^ 
Alfo  the  Extremity  of  the  Eaftern  Anfa  was  found  in  a  right  Line  between 
this  Star  and  another  joyn*d  to  it  as  it  were  in  Longitude,  which  was  then 
diftant  from  Saturn  24^  48^^  towards  the  North.  But  the  Place  of  the 
former  Star  was  then  Ubra  28^.  1 8^  3^^  with  North  Latitude  2^.  41^  nearly. 

Sept.  7.  about  Noon,  there  happened  a  very  near  Conjunfbion  of  Jupiter 
and  VenuSy  the  View  of  which  was  obftrudted  by  the  Clouds  from  our  Aftro- 
nomers*  But  on  the  6th  Day  aforegoing  in  the  Morning,  or  5*.  22^.  57' 
y/\  equal  Time,  ztlFanftead^  Venus  was  diftant  irom  Jupiter  i^.  3^  28^''. 
«>  the  Weft.  But  on  7^.  i7h.  2\\  Venus  now  to  the  Eaft  was  diftant 
from  Jupiter  43^  18^^.  and  at  17**.  34^  Venus  was  more  Southern  than  Ju^ 
piter  Dy  the  Difference  of  Dechnations  14^.  2^'.  And  at  i^j^.  39^  the  Di- 
ftance  of  the  Planets  was  taken  44''.  4'^  Hence  by  the  Calculation  of  a 
very  accurate Obferver,  they  were  in  Conjunction  5^/.  7.  o*».  9'.  equal  Time; 
the  Center  of  Venus  being  more  South  than  Jupiter^ s  only  i^  42^"^ 

Sept.  1 8,  in  the  Morning,  at  Wanjieady  Jupiter  was  feen  near  Cor  Leonis^ 

U  U.2  with 


33 i  A  Collcaion  of  Aftrofioffiieal  Ob/ef^wttkrtf* 

\tith  which  he  had  been  inConjun^on  the  Day  before,  Sept.  17.  at  16*'.  51''. 
equ^  Tivtit.  Jupiter^ %  Center  was  diftant  from  Cor  Leonis  24^.  42'';  and  sff 
17^  6^  2o^^  the  Difference  of  Declination  was  12^43^^  Then  «n  Hour 
after,  or  at  i;**.  54^  the  Diftance  became  24^  44^^  and  at  18''.  /.  the  Dif- 
ference of  Declinations  was  found  1 2^.  35^^  Hence  by  Dr.  PoumPs  Calcula- 
tiori,  on  Sept.  17,  at  iS"*.  c^  equal  Time,  the  Place  w  Jupiter  yf»  Leo  26*. 
I  \'.  "]".  with  4^.  32^^  NcMTth  Latitude. 
.«^  of  tbi  Anno  1 7 1 7,  JtfJir.  1 2.  at  JVeftminftery  Mr.^Stepben  Gnrf  obferred  an  Appulfe 
Moon  md'of  the  Moon  to  four  contiguous  Stars  under  the  South  Horn  of  Taurus^  near 
Eclipfes.  ^hich  the  Moon  was  obferved  An.  1683,  March  23,  old  Stile,  by  Htvelms  and 
Flamjtead.  Therefore  at  9^.  45^.  apparent  Time,  the  Moon  being  gibbous, 
was  feen  as  in  Conjunftion  with  the  preceding  Star  of  the  four,  wKch  is  107 
of  Taurus  in  the  Britifib  Catalogue,  and  which  was  then  more  Southern  dian 
the  Southern  Limb  of  the  Moon,  by  a  Minute  and  half  j  at  1 1\  2^^.  another 
which  is  lefs,  and  therefore  omitted  in  the  Catalogue,  was  hid  a  little  below 
the  Middle  of  the  obfcure  Limb.  At  i2\  24^  the  third  and  brighteft  (no 
of  Taurus)  almoft  in  Conjunftion,  was  diftant  6^  from  the  Piforthem  Limb. 
Laftly,  At  i2\  54^  the  laft  of  the  four  (i  1 1  of  Taurus)  was  higher  than  die 
Northern  Limb  by  3^  30^.  Now  the  Place  of  the  preceding,  or  107  of 
Taurusj,  by  the  (aid  Catalogue  was  thm  Gemini*  t6^.  12^  with  S^heirn 
Latitude  5^.  18^.  And  no  of  Taurus  was  Gemini  19^.  2(J^4,  with  South 
Latitude  4^.  44^  And  the  Confequent,  or  1 1 1  of  Taurus^  was  mGemini  ig^. 
.  45^.  with  South  Latitude  4*^.  48^^.  The  fecond  ^little  Star,  as  appeared  from^  . 
edier  Obfervations,  had  then  its  Place  in  Gemini  ig*.  if.  and  its  Latitode 
nearly  5^.  cf. 

The  fame  Year,  March  16,  in  the  Morning,  there  was  a  partial  Eclipfe  of 
the  Moon,  not  confpicuous  with  us,  becaufe  of  the  cloudy  Weather.  But 
at  Cambfidge  in  New  England^  Mr.  Robiey  a  very  skilful  Aflronomer,  law  the 
Beginning  of  the  Eclipfe  about  Nine  a-Clock.  And  die  End  ntarPaius 
Fid,  Infra  Mtotis^/dX  ii*.  42^  30''^  exaft  enough.  But  Camiridge  is  under  the  Alti- 
p.  33^-  titude  of  the  Pole  42^.  25^.  more  Weftero  than  London^  yi^.  or  ^.  44'.  as 
appears  from  many  former  Obfervations. 

Sept.  9,  in  the  Evening,  at  the  Houfe  of  die  Royal  Society  at  London^ 
fome  obferved  the  End  of  the  Loinar  Eclipfe  at  7*.  26^  But  the  Moon  arofe 
at  the  Middle  of  the  Eclipfe,  nor  had  freed  herfelf  from  the  Clouds  about 
the  Horizon  till  a  little  before  the  End. 

Sept.  14,^  in  the  Evening,  now  for  the  firft  Time,  after  a  long  Interval, 
the  Moon  returned  to  eclipfe  the  BulTs  Eye.  The  Sky  at  London  was  clearer 
than  ufual,  fo  that  the  Moon  and  the  Star  were  feen  as  it  were  tifing  toge- 
ther in  the  Honzon.  The  Immerfion  of  the  Star  happen^  at  i^.  6\  id\ 
the  Moon  being  not  yet  3  ^  high^  in  the  very  Middle  as  it  were  of  the  Eaftem 
Limb,  that  is^  over-againft  the  Northern  Part  of  that  litde  Spot,  which  He- 
melius  calb  the  Lake  of  Maris^  and  which  Ricciolus  has  denoted  by  his  own 
Name.  But  it  emerged  a  little  below  the  Middle  of  the  obfcure  Limb,  at 
9*.  58'.  20''^  and  in  the  twinkling  of  an  Eye  fhone  forth  with  its  whole 
Brightnefs.  Hence  aUb  is  proved^  that  cvca  this  remarkable  Star  has  nexr 
to  noDiameter^ 


S^t.  27y  m  eke  Ev^nuig,  tbor  happenM  aa  Ecliple  of  thi&  Sun,  diat  vas 
hardly  to  be  ieen  in  any  Part  of  Europe.  But  from  our  Parts  \&Jmmca  we 
\aB9t  obtadn'd  two  Oburvations  of  k,  one  by  a  Letter  from  the  worthy  Mr» 
Jl^th^  Govemour  of  the  Province  oiPmfyhamOj  who  at  Pbiladdpbia^  under 
the  Altitude  of  the  Pote  40^.  o^  nearly,  law  the  Edipfe  ahready  begun,  (but 
which  was  not  begun  a  Minute  before,)  at  ii\  S5-  About  the  Middle 
there  were  about  ten  Digits.    The  End  was  feen  taalSdy  at  2^.  46^  35^^ 

But  the  other  Obfervation  of  this  was  made  at  Casnkridge^  the  Univerfity 
of  iVew  EjigUmdy  by  Mr.  Robie.  The  Beginning  of  the  Eclipfe  was  obfer- 
ved  there  at  o\  23.  </'.  rftcr  Noon.  At  i\  47^.  nine  Digits  were  eclipfed. 
At  3\  5^.  lo^^  the  Edipfe  ended,  the  whole  Sun  being  feen  through  a  Te- 
lefcope  of  24  Feet.  Mr*  ff^.  Derbam  communicated  this  from  the  Letters 
qK  this  exadl  Obferver^ 

Dec.  5.  The  Moon  pafs'd  a  little  above  the  BulTs  Eye.  Thb  near  Tranfit. 
was  obfenred  by  that  Learned  Youth  Mr.  Ja.  Bradley^  M.  A.  (the  Moon  be^ 
ing  now  almoft  at  full,)  who  compared  the  Star  with  that  remarkable  Spot, 
which  Ricciohs  calls  ^ycbo^  but  HeveHus,  Sinai  y  and  from  leveral  equal  Di- 
ftan(^s,^  taken  with  the  Micrometer  before  and  after,  he  concluded  ^hat  the 
Star  approached  near  to  the  Center  of  the  f^d  Spot  at  u>>.  ig^  8^\  equal 
Time,  at  Wanftead.  At  1 1**.  15^.  42^^^  the  BuWs  Eye  was  diftant  from  the 
neareft  and  Southern  Limb  of  the  Moon  ^.  55^^  But  the  Spot  Tycbo  was 
diftant  from  the  fame  Limb  j^\  \f>".  At  11^18^  42^^.  the  Star. was  in  a 
ri^t  Line  with  the  Spots  "fycho  and  CeptmieuSj  or  Sinai  and  jEtna  v  and  at . 
I  ?.  25^  27'^!  equal  Time,,  it  was  in  a  right  Line  with  Tycbo  and  Kepler. 
Among  thefe  Obfervations  the  Moon*s  Diameter  was  found  32^  45^': 

Jmo  lyiiyjan.  29,-  in  the  Evening,  Dr.  DeJaguSers  and  Mn  Gray  at. 
WefimnfteTj  emefted  another  Oceultation  of  the  BidrrEye  y  but  by-the  In- 
tcrpofition  of  Clouds  they  could  only  fee,  that  at  5^^  52^.  the  Stap  was  not 
yet- immerfed  -,  but  afterwards  the  Clouds  growing  Ainncr,  the  Emerfiofv 
was  concliKkd  to  be  at  7^.  2o^.oyer^againft  Heveim^s  Spot  caUed  the  Pro*- 
montory  of  JJiatic  Sannatia. 

Feb,  19,  in  the  Momiog,-  the  fame  Obiervators  in  the  fame  Place,  varr- 
oufly  ftruggling  with  the  Clouds,,  could  hardly,  iee  the  Eclipie  of  the  Sun. 
Yet  at  6*>.  59^  two  Digits  were  feen  to  be  ecliplcd,.  and  after  a  Minute  of. 
Time  the  Chord  between  the  Cujpids  feem'd  to  be  equal  to .  the  Scmidia- 
meter  of  the  Sun. 

But  at  ff^anfiead  Dr.  Pdttnd  obfervcd,  that  at  6K  54^  7^'.  apparentTime, . 
the  Chord  between  the  Cufpids  was  i8^  30^'.    At  7^.  i/.  o''^  it  was  10'. 
i8^^    At  7'».  19^.  30''.  the  tome  was  found  to  be  8^  ^\    The  Eclip fe  ended^ 
at  jK  23^  20^^: 

Fek  25,  in  the  Evening,  at  6\  44'.  ^tlVeftminfier^  the  firft  Star  of  the 
Hyades  in  the  Buffs  Snout y  {y  according  to  Bayer^)  was  feen  in  a  right  Line 
through  the  Cufpids  of  the  Moon^.  and  therefore  nearly  in  Conjundtion, 
Now  its  Diftance  from  the  Southern  Limb  of  the  Moon  was  5^  5 1'\  The 
Diameter  of  the  Moon  meafured  wirfi  a  Micrometer  was-  3I^  45^"^ 

Feb.  28,  at  8^.  36^  apparent  Time,,  alfo  at  Weftminfier^  ,an  Immerfion  was 
Jecn  of  the  Star  in  the  Knee  qIPqUux^  (according  v^Bayo^  k  of  Gmini^)  under 
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the  obfcure  Limb  of  the  Moon,  on  that  Side  which  Is  fomethmg  more 
Northerly  than  the  Spot  which  Hevelius  calls  Crete.  T^  *  L!»>irri  .on  was  not 
fecn,  becaufe  the  Sky  was  not  clear  enough.  But  at  x;V  51^  the  Star  was 
come  out,  over-againft  the  Northern  Part  of  the  greater  Cafpian  Ifland. 

Aug.  8,  The  Moon  arofe  a  little  below  t\kBuWs  Eye^  bjut  becaufe  of  the 

*<:;louds,  could  not  be  compared  with  it.    But  at  »^<i^/^,  at  13^  z\c/\ 

apparent  Time,  the  preceding  Star  of  the  Contiguous  ones  at  ^  oi  Taurus 

according  to  Bayer^  (or  the  laft  but  one  in  our  catalogue  of  the  Hyades^  in 

r/V/.fapra/N.  354.  of  the  Pbilofopbical  TranfaSfions^  tmr\Cd  with  the  Letter  j,)  was  feen 

P-  3°^-     in  a  right  Line  through  the  Cufpids  of  the  Moon,  diftant  from  tfc  Southern 

V.  36  .     At  13**.  j\  \^'.  the  Star/>  of  the  fame  Catalogue  emerged  a  little 

below  the  Middle  of  the  obfcure  Limb.     At  ij**.  IQ^  /^.  the  Confequent  of 

the  faid  contigupus  Stars  emerged,  as  much  diftant  from  the  Southern  Horn, 

as  thofe  contiguous  Stars  were  diftant  from  one  another,  that  is,  7  Minutes. 

Aug.  29,  in  the  Evening,  the  Moon  almoft  in  her  Apogae,  futtcr'd  almoft 

a  totd  and  central  Eclipfe ;  but  fhe  arofe  after  the  Eclipfe  was  begun.    Tte 

Reverend  Dr.  Pound  exhibited  very  perfpicuous  Obfervations  of  this  Eclipfe, 

in  the  Order  they  are  here  defcribed. 


.0 


53  38 

56  31 

57  49 
59  38 

8  36  13 
8  48  18 


Tke  Ckofd  between  the  CuffUs^  meafured  with  a  Micrometer  •-— — » 

The  fame  repeated      —    —    —     ■  — —    — 

Repeated        —     —    — —    — ^    —    —    — 

Again        —      —    — —    —  '— -    — — •    — -    

Once  more     —    — ^    —    •—    *—    ——    -— 

The  total  Jmmerfion  into  the  Shadow  —  — ^  .«  —  -^  — . 
A  bright  Star  omitted  in  the  Catalogues  was  hid  by  the  Moon,  hekw  1 
the  Paius  MartoHs  of  Hi^dimt  —  —  —  -^  —  _--•  j 
The  Moon  began  to  emerge  out  of  the  Shadow        ..    -^    .^ 


SI  13 


53 
54 

54' 

8  56 

9  o 
8 


17 
6 

20 

*3 
o 

54 
45 


An  Eclipfe  of  the  Moon,  obferved  at  Wmftmd^  Jug,  29,  1718. 


The  Limit  of  the  Shadow  through  the  Middle  of  Manotu  ;  as  alfo  ) 
the  Chord  between  the  Cufpid$         *^^        -^        —        .^         j 
The  Chord  between  the  Cm/fidt      «-— 
The  fame  repeated        —        —        — . 
Again  n  ■         »  ■ 

Once  more  ......i*  ■    ■ 

Porphyrites  emerged  out  of  the  Shadow 
Mount  ^Moi  began  to  emerge  * 

The  Shadow  through  the  Middle  of  Sinai 
All  SinM  was  now  out  of  the  Shadow         ■■ 
Thd  Shadow  pafs*d  through  the  Middle  of  JStna 
Through  the  Middle  of  Corfica  ■■ 

Through  the  Middle  of  the  greater  black  Lake 
Through  the  Middle  ofBifiiciu  ——^ 
The  atorefaid  Star  now  emerged 


9 
10 
II 

>7 
20 
27 
28 
32  i\BgzaiuiiM2sAHormimusmttg^  together 


S8  The  Star  had  the  fame  Declination  with  the  Southern  Cufpid  of  the  ) 
^    Eclipfe  ^ 


43 

47 

9Ji 


28 


The  Chord  between  the  CuJ^ds 
The  fame  repeated 


The  Eclipfe  feem'd  to  finifh 


37 
»4 

18  28 
15  00 

10 


15  o 

18  28 

"9  51 

21  14 

22  37 


18 

15      00 


At 


A  Colledioh  ^.Agronomical  Obfervations.  335 

.  At-w^.rji/.  .^Piaihieter  of  the  Moon  was  takm  39^  45^^.  Now  the 
Oblervations  being  compared  with  one  another,  where  the  Chords  of  the  de- 
fifrient  Parts  were  found  to  be  equal,  the  Middle  of  the  Ecliple  is  difcover'd. 

MddU. 


h 

/ 

// 

54 

58 

$5 

3 

5$ 

24 

55 

28 

55 

as 

55 

29 

55 

18 

From  the  firft  and  thirteenth.  Obfervations  * 

From  the  fecond  and  twelfth  — —          ■ 

'    From  the  third  ted  eleventh  ■             — 

From  the  fourth  and  tenth  — —               " 

From  the  fifth  and  ninth  ■                         — — 

,    From  the  fixth  and  eighth  — —  

.    Of  all  which  the  Middle  is     .         — 

-  9Urtin  Folkes^  Efq;  with  fome  other  Members  of  the  Royal  Society,  ob- 
fervcd  the  iame  Eclipfe  with  like  Diligence  at  London  in  FUet-Jireetym^  the 
Inftruments  and  an  cxjcellent  Telefcope  of  Mr.  Georgt  Grabamy  a  very  skilftil 
Watch-maker ;.  which  Obfcjrvations  are  as  follow. 

638     o    The  Moon  was  hardly  (een  through  the  Smoke  and  Vapours  of 
the  City, 

6  54  13    The  Chord  between  theCufpids  2i^  i^^  or  thereabouts. 

7  2.    o    TJie  total  hnmerfion  into  the  Shadow. 

7  42  15    A  pretty  bright  Star  was  dillant  from  the  Eaftern  Limb  of  the 

Moon  ia\  %i^\ 

8  35  18    The  fame  hxt  Star  was  hid,,  about  lo  Minutes  more  to^the  South 

than  the  Center  of  the  Moon.  '  ^  ' 

8  45  50    Now,  or  ^  fonge  thought  a  Minute  later,,  the  Moon  bpgan  to 

emerge. 
8  49-  38     P^^  MareotiS' emtr^d  with  its  firft  Margin. 

8  50  14    The  whole  Palus  was  without  the  Shadow. 

9  O:    5     The;  Middle  of  Mount  P^i&yr/V^j  eraergcdl 
9     7  39    ^^^  ^^^  Majgin  of.  Sinai  emerged.  ' 

9     98  Mount  Sinai  was  quite  without  the  Shadow. 
9  10  35  The  Shadow  pafs'd  through  the  Middle  of  JElna. 
9  12     o  All  Mount  yE/»tf  was  with6ut  the  Shadow. 
9  1.8  5 J  TheShadowpafi'dthroughtheMiddleof  theGr^J/frfi/tfriZl^/fe.. 
9  27  35  The  Illand  jB^j^/V«j  wholly  emerged.  •         ■         .. 
9  42  21  The  Chord  between  the  Cufpids  was  19^  9^^; 
9  ^  2-5  The  End  of  the  Eclipfe  as  was  judged  by  fome*    ■ 
•9  52  45  The  End  concluded  from  the  foregoihg  Di^ance  of  theCufpids.. 
9  g6  45  The  Diameter  of  the  Moon  was  29^  .54^^  and  again  29^  48^^. 

The  Shadow  was  very  thin,  whence  arole  fome  Difficulty  to  diftinguilh 

the  Moments  of  Emcrfion  and  the  End.     And*  even  the  obfcurer  Spots  were 

iplainly  feen  feveral  Minutes  before  they  reach'd  the  Margin  of  the  Shadow. 

The  Star  which  was  hid  during  the  Eclipfe  was  then  in  H  17®.  i^^i.  with 

Southern  Latitude  i^.  6^..  30^^  very  near* 

We 


JJ4  ifCdBe^tioa^       ^^^ 

'W^l{ctve^\fo  rteeivea^ObfeiVAtfkms  ^  this  E^lif^'TrtM  i^ 
n&boThy'm^t  *at  Upmtnfier  in  /the  Gourity  «f  S^^  %«  &fe.»%^  ac 
CrAv'lti'bh^irec,  ^jyd  fr^tti  iVlr.  H(vwkyK  ttt  ^akefidU'^  the  Oouniy  rf 
2)>f*  ;  fevery  where  almoft  agreeing  with  the  foregoing, « having  Regard  to 
the  DiflFerchce  of  Meridians :  That  is,  fuppofmg  Upminfter  to  be  14  Minutes 
lnore>Ea{ferly  than  London^  Crew  to  be  10  [Mtames,  mi^ff^ak^U  5  Mi- 
hutesj  <hiote  to  the'Wcft.  '■  •:...• 

Laffly,  ^o  furii^Up  all,  we  wifl  add  a  very  rtCfCableiObfwiWtioh,  Md  die 
fifft  <if4ts  ^ind  th"at'We  know  of,  fincc  the  Difwveiy  of  die  Tdefccpe,  and 
which  ive  fewe  toTheOnwearied  Apptication  of  pr.Jmt4  Sradky.  F6r  on 
the  5£h  oV^Septemb'er1[n  the  Mormng,  the  Sun  b^ng,  nearly  y^ty^Gc&  iiigh, 
h^  fair:at  ff^anftead'k  moft  "ncaQ-  Tranftt-of  the  ^M^onlbek^  t^.^ic^s  Eye^ 
the  Diftance  of  which  from  the  next  Limb  he  found  with  a  Micrometer  to 
tfe '/-#': '^t^7^  59'.  V^-  of  equal  Time.  At  <^.-i/.  5^<.  it  w«s  diftant 
fhim  iHe  Lirfib  i^  2^^  And  at  K^.  33^  i^^  ^t^ic'Swri^WB'^  a  right  Line 
through 'the^  Cufpids  of  the  Moon,  which  at  that  Tintfe*  were -fomething 
blunted,  nor  was  it  diftant  from  the  N^Ofthcm  above  ci'.ig^.  and. at  8\ 
41^  o'\  itjiad  left,  that  Cufpid  3^  42'^.  And  at  8\  45'.  3/^  it  was  dif- 
tint-fi^in  tiic  fame  5^.  36^^    The  Mbon*s  Dltttottcr  taken  at  i\  xi\  was 

^CoHcai-  XXXIX.  Our  late  Obfervatiotts  are  thtfe  -,  i  Jr  18, 05?^*.  ro,  in  tbe  Mora- 
^/^^ihg,5^/^/^appiled  to  theTeiefcopic  6xt  Stars,  the  Places  of  which. the 
Ob^ati'  Rev.  Dr.  Pound  has  carefully  enquired  into,  on  Occafion  of  the  firft  Appear- 
#»/  fir  ^ce '  of  ^the  Comet  of  die  Ye»  1^80,  <of  wWih  fee  Pbil:^  ftranf.n.  342I) 
»7«9»  6^  and  having  verified  them  lately,  has  communicated  them  to  us,  together 
r"°;^^*^ith  aniaccurate  Obfervation  of  aTrahfit  of  Jupiter  neat  them  at  tMsTimc, 
iLo/Ot  and  afterwards  another  Feb.  11.  prefently  j«er  the  Oppi^ition  of  jMiier 
Plancti.  and  the  Sun.  Now  at  the  Beginning  of  January  1719,  the  Places  d  the 
!/^f;  Stars  were  thus. 

Longitude.  North  Latitude.        Where  it  is  to  be  obferved, 

I  ;     7  .  50    that  the  Surs  d  and  ^  have  the 
I  .  10  •  18     fame  Declination  exaAly  in  this 

0  .  32  •  50    our  Age  *,  but  x  iss,  very  litde 

1  .  28  .  54    Star,  which  becaufe  of  its  SmaQ- 
o  •  51  «  56    nefs  was  omitted  ia  the  former 

Defcription. 

Now  OSob.  9%  at  i7\  5'.  equal  Time,  the  Eaftem  Limb  of  J^tfiut 
teachM  the  Line  joyning  the  Stars  e  and  r,  and  at  the  fame  Time  his  Center 
was  diftant  from  e  21^  20^^  and  from  c  \&.  2^\  and  was  prefently  diftant 
from  d  19^  35^^  The  little  Star  *  being  very  near  Jupiter  was  hid,  or  ovcr- 
powci^d  with  his  Light. 

Dec.  II.  at  18**.  30^  fequal  Time,  the  Center  of  Saturn  was  diftant  from 
fji  in  Ubra  (according  to  Bayer)  28^  32^^  and  was  more  to  the  North  than 
the  fixt  Star  by  4^.  31^^  Hence  the  Obferver  Dr.  Pmtnd  concluded  the 
Place  of  Saturn  to  be  tii  i\  41^  IO^^•vrichNotthem  Latitude  2\  i6^  43''. 


fta,SXLI. 


€  vji  o  .    6  .  13 

r  j«  o  .    3  .  13 

an.  o  .  25  .  41 

^  n  o  .  ,  5  .  43 


^^'^^3 


m^^^ 


Fi^.iz^, 


lo'. 

41'^ 

6   . 

7 

lO    . 

9 

6  . 

.11 

*5  • 

21 

»+  • 

38.- 
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'  ^t7I0^  -Fi*-  II*  at  6\  56^^.  equal  Time,  the  Center  of  Tij^^  bohg re- 
trograde was  diftant  from  the  above  defcribed  Star         ■ 

6  .  58^  The  fame  Center  was  diftant  from  e  ■ 

9  .  37t  The  Diftance  taken  again  from  d       —«      «— 

9  .  434.,  Again  from  e — — , 

-  9  •  49t  The  Center  of  Jupitet  was  difl;^t  from  a      — — 

9  .   584  The  fame  Center  from  the  fmall  Star  x  — 

About  Seven  a-Ciock  the  Eaftem  Limb  of  Jupiter  reachM  the  Line  extended 
through  X  and  e ;  Jupiter  then  was  in  19^  o"".  6\  with  North  Latitude  i"^. 
16^30'^    Then     . 

Feb.  13,  at  8"*.  o',  equal  Time,  the  Declination  of  Jupiter's  Center,  mea* 
fured  by  the  Micrometer^  was  more  Northerly  than  that  of  either  of  the  Stars. 
d  and  <,  by  1 1\  37^^  and  at  8**.  io\  the  fame  Difference  was  found  1 1\  36^^ 
But  at  8  \  48^  the  Center  of  Jupiter  was  diftant  from  e  i  f.  40^^ 

jlpril  22,  at  lo*",  45^  equal  Time,  the  Center  of  Saturn  follow*d  /a  in  £/-, 
bra  4^  Minutes  of  Time,  or  \\  W\  of  Right  Afceniion.    Being  meafured 
with  the  Micrometer,  he  was  found  more  Northerly  than  the  fixt  Star  35^.. 
^^\    Now  in  the  Britijb  Catalogue  the  Star  was  then  in  m  IO^  i6^  8'''. 
North  Latitude  2^  3^54''^ 

May  16,  at  8\  o^.  equal  Timc^  Jupiter  follow*d  Cor  Learns  at  I^  34^r.. 
of  Right  Afcmfion }  but  was  o^  4i^^t.  more  to  ,the  North  than  that  Scar. 
In  Time  this  is  lo^  Y^  of  an  Arch  of  the  Heavens. 

.  The&me  Night  at  15**.  i8^  apparent  Time,  Mr.  Ssepben  Gr^iy  obferved 
Mar^^  in  refped  of  Right  Afcenfion^to  follow  the  £aftern  Star  in  the  Tail 
ci  Capricorn  zx,  i6\  15  .  and  at i  the  fame  Time  it  was  more  to  the  South 
than  the  fixt  Star  only  o\  1 1'\ 

June  7,  at  10*.  15'.  apparent  Time^  Jupiter  bcin^  dife£tj  returned  again 
to  the  faidTcldcopic  Stars,  and  then  followed  the  Star  d  at  o^  35^^  of  Right 
Afcenfion,  and  at  10''.  30^.  the  Star  was  diftant  from  the  nearcft  Limb  qf 
Jupiter  4.  \%'\ 

The  next  Day,  June  8,  at  loV  20^  Jupiter  followed  the  odier  Star  e  at 
i^  30^''.  of  Right  Afcenfion,  and  immediately  the  Diftance  of  the  neareft 
Limb  of  Jupiter,  from  the  Star  was  taken  with  the  Micrometer.  7^  ^o^\ 

July  5,  at  8*".  26^  apparent  Time,  Jupiter  and  Fenus  were  in  cioife  Con- 
junftion  ;  flie  more  to  the  North,  then  preceded  Jupiter  accordir^  to  Right 
Afirenfion  i\  ^d'.  But  the  Diftance  of  their  Centers  being  t^ken, .  or  the 
middle  Diftance  of  ten  repeated  Diftances  was  13^  7f>'\  Martin  Folkes^ 
Efq-,  a  great  Cultivator  of  thefe  Sciences,  .communicated  thefe  three  Obfer*  . 
vations  made  at  London, 

■  ^g^ft  h  at  i2\  20'  equal  Time,  Mars  nearly  Acrtoich  followed  tlie  Star 
roiAquary  (according  to  Bayer)  at  ro^  58''^:^:Timej  or  2^  44^  57^^  of 
Right  Afcenifion.  Mars  was  only  o^  36^^  more  to  the  North  than  the 
Star.  Whence  the  Place  of  the  Star  being  granted  as  in  the  Britijb  Cata- 
logue, the  obferved  Place  of  Mars  will  be  X  7^  lo^  ii''^  with  South  La- 
titude 6\\38^i6'^ 
ijkguft  lOj  atu\  50^,  jcqu^  Time,  ikfan  ,foUo*:!d  th«  leffcr  Star  which 
Vol,  Jy.  ....*,   .   ,\.  ..  X:X  \'^  ;•  .•      .i  -    -      .        precedes  . 
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pracedcs  7  ifi«i^ jr)r  l^  39'.  %d'.  in  refpeft  of  R^ht  Afdcnfion,  ^butmore 
' '  Southerly  than  the  fixt  Scar  10^.  42^^ 

Aiigufl  16,  at  7^.  i8^  equal  Time^  Sfka  Virpm  preceded  the  Center  of 
Vmis  5^^^  of  Time,  or  i^  20^^  of  Right  Afcenficm^  more  Southerly  .than 
the  Planet  \W'^  of  Time,  or  4^  ^f. 

Auguft  17,  Jl£ir/  the  Day  before  AchroAkh,  and  next  the  Earth,  was  gb- 
fenred  at  two  contiguous  licde  Stars,  for  the  Sake  of  inveftigating  hi&  Pa- 
rallax, according  to  the  Method  exhibited  by  M.  G^bo,  in  Ms  Book  cxm*- 
ceming  the  Comet  of  the  Year  i68o«  Whence  we  ihall .  endeaFOur  to  d&-: 
duce  the  Parallax  of  Mars  in  the  next  Tranfa£tion.  Now  the  more  Northeriyi 
of  thefe  little  Stars  was  then  in  x  3^.  5^-  ^^'^  with  Sooth  Latitude  6^  6^^ 
nearly.  But  the  more  Southerly  one  was  in  k  3"*.  5^*  ^d\  widi  South  Lip 
titude  6^.  10^^  nearly.  But  at  io\  40'^  equal  Time,  ACirj  fbUow'd  that 
CO  the  South  41^  40^^  of  Right  Alcenfion,  and  was  more  00  the  South  than 
it  /.  50^. 

S0^^  18,  at  <)!)•  ao^.  equal  Time,  Mars  wa^  feen  to  ptecede  the  Star  wiiich 
•     in  the  J^rr/ijfb  Catalogue  13  the  33  oi  Afuary^  by  3^.  45^^  tf  Time,  or  ^\ 
%4l^.  of  Right  Afcenfion  \  and  at  the  £mfie  Time  the  Scar  was  more  Northa*ly* 
than  the  Northern  Limb  of  Mars  only  bv  one  Diameter  of  the  Pianec  The . 
Place  of  the  Star  was  -  29^  si'^^  South  Latitude  4^4  4«^t. 

OS.  30,  in  the  Evening,  at  5^.  45^.  apparent  Time,  Mats  was  near  twc 
contiguous  Stars  at  i&  :?  by  Aiy^,  whidi  are  x:;  the  73  ^nd  74  in  thcBritifir 
Catalogue.  It  had  padfsM  by  the  right  Line  drawn  through  the  lame,  and 
the  Angle  at  the  Center  of  Mars  was  a  right  one  according  to  Senfe.  The 
more  Northern  of  die  Scars  had  the  iame  Declination  wkh  the  Souchem^ 
Limb  of  the  Planet.  At  g\  53^.  the  Diftance  of  the  Star  from  the  Center, 
of  Mars  was  2^  30'^  At  g^.  56^  the  Centef  of  Mars  was  d^tant  from  the 
third  and  more  Southerly  one  at  b^  or  the  75  of  Aquarius^  ff.  ^\  At 
6\  i8^  the  Diftance  of  the  Center  fronv  the  more  Northterly,  or  the  75, 
was  3^.  5'^.  Hence  we  may  conclude,  that  at  3^.  30^  nearly,  Matsyn&m. 
Conjun^icm  "with  the  Northerly  Star,  and  left  it  only  one  Minittc  to  the 
North.  But  the  Phtce  of  the  fixtStsu^  from  the  Briti/b  Catalogue  was  theuv 
H  10^.  29^  o^^  with  South  Latitude  i^.  40^4^.  And  the  74  was  then  in  x 
10**.  29^  50^^  with  South  Latkude  i**.  44''^^. 

N&v.  16,  at  lo^.  i8^  equal  Time^  Venus  preceded  die  Southern  Scale  ofc 
Libra  of.  13^^  ot  Time,  or  48^  %2^\  of  Right  Afeenfibn,^  and  at  the  fime . 
Time  the  Center  of  Venus  was  more  Northerly  than  the  fixt  Star  7^  45^'. 
V0nus  was  ftationary  as  it  were  at  her  afcending  Node. 

Dec.  3,  at  i9\  equal  Time,  Saturn  preceded  the  third  at  C  of  Xi^^  or 
Ubra  29,  by  the  Britifi  Catalogue  o^  46^^  of  Time,  or  11''.  yi^\  of  I^^ 
Afcenfion.  It  was  more  Southerly  than  the  fixt  Star  15^.  29^^.  the  Di&ience 
being  taken  by  a  Micrometer.  Whence  the  Pkoe  ctf  Saturn  waa  rti  2o\ 
25  T*  with  North  Latitude  2^  5^^. 

Moon  Mii     We  have  given  above  *  an  Obfervation  of  tte  Lunar  Eclipfe,  An.  17x7^- 
Edipfes.    March  1 5,  Afternoon,  Old  %/r,  made  as  Cantiridgejn  Newi-M^lamly  which 
V  S22     ^^^^^  ^f  Clouds  was  not  fccn  by  us.    There  the  Eclipfc  ended  at  Il^ 
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4if^  aor  at  t^t  Time  had  we  any  other  Obfenration  of  it.  Kir  afterwards 
J^^Cbamikr^  a  Captain  of  one  of  the  King's  Ships^  brot^ht.ui9  from  jfyt^- 
ric^  and  cpmcauo^tcd  to  as  tl|ip  Ph^fes  ot  the  fatneiEclipfe,  as  they  were 
ousted  at  tim^  in  Piru^  by  D.  Pe$er  P^aUtk  the  King^  Macbeoi^tician* 
and  there  printed.  He  makes  the  Be^nmng  of  the  Eclipfe  at  UfhOy  aC 
i^^V.S^^  and  the  End  at  ii*,  19^  55''.  At  the  fame  Time  the  faid 
^k.  Cbandiar  communicated  Us  own  Obfervation,  made  at  an  Ifland  whidi 
they  call  Virpn  Gar J^y'^rhsrc  the  Eclipfe  ended  at  12^  13^  Afternoon.  Bc^ 
caufe  of  a  clear  Sky  the  End  was  fecn  vary  diftin6Uy.  Among  the  Afts  of 
the  Royal  Academy  c^  Sciences  for  that  Year,  we  alfo  find  two  Obfetva* 
tiona  of  this  EcUpte  i^eeing  very  well  with  ours  ;  qne  made  by  M.  Caf- 
j^^  the  other  1^  M.  ^  £a  Bin  in  the  Royal  Obfervatory.  Thi^  makes  the 
^cg^uung  at  13^  54^  But  the  End  more  furely  at  16^.  38^  id'.  The  other 
ooss  the  Beginning  at  I3*».  55^.  and  the  End  at  16^.  38^  25^^  The  greateft 
Obfcuration  with  this  was  74*  I^i^^  with  the  other  77  Digits. 

Hence  from  the  End,  which  feems  to  be  taken  more  accurately  in  each 
Place,  the  Difietwce  of  Longitude  between  Paris  and  lAma  is  5^  i8^  20^^. 
Between  Paris  and  Cambridgt  i^.  55^.  50^^  Between  Paris  and  i)ie  9^ 
llrgm  Gorda  4K  tgf.  %d\  From  which  if  you  fubtrad:  9^  40^^  there  will 
come  out  the  Longitudes  to  the  Weft  of  London  \  that  xrf"  Uma  77''.  lo^^ 
of  Camiri^e  in  Nm  England  71''^.  And  lafily  of  llie  lOmd  Ffrgin  Gorda 
63^  ^1^.  Whence  the  Geographers  may  correft  with  Certainty  the  Situt-* 
tion  of  the  neighboiiring  Ukmds. 

The  other  Ed^e  of  the  Moon  of  the  fame  Year,  Sept.  9,  in  the  Ereni' 
ing,  was  leoi  by  the  iame  Obferveis^  and  M.  Maraldi  at  Parisi  In  the 
Hwfe  <^che  Royal  Society  at  London^  we  obferred  the  End  at  7^.  t6^.  At 
Paris  the  End  w^s  obferved  by  M.  Qifini  at  f.  jV-  5^'^  by  M.  Miraldi  ac 
7^  j/.  50^^  and  by  M.  ir  &  Hire  at  yK  34^  15^  Alfo  M.  H^rd^bmtr 
9t  VarimmiTg  law  the  iame  End  at  8^  lof.  45^^.  Hence  the  Difierecice  of 
Meridians  is  confirmed  between  London  and  Paris^  efpecially  from  tlie  Ob^ 
ijeewxaa  of  M«  Maraldi^  to  be  9^  opf^  a^  alia  between  London  nA  Norim^ 
W'W*  45^^*  '^^  ^^^  ^^  ^'^^  ^^^  fov»d  bef<H:e.  Now  on  the  fifth  Day 
9fttr  the  Eclipfe,  Sept.  14,  in  rhe  Evening,  at  Paris  the  Mopti  eclipfed  die 
iidP%  EyOj  as  M-  Maraldi  and  M.Delifle  the  Younger  obferved  feparately. 
the  Star  diiappearM  over  againft  the  %)ot  GrimaUH^  or  Pahs  MareotiSy  at 
9*.  1 1'.  35^^  And  it  emerged  from  the  obfcure  Limb  of  the  Moon  at  io\ 
3'-  55^^  We  have  given  above  ♦  an  Obfervation  of  dus  Ocqultation  ^x^Loridon.  •«/•  ft- 

W^  ^^  ohligid  to  the  Rpo.  Dr.  Pound  ybr  thfe  QkfirvatkHS^  inixdHcb  epudV^»V'U\^ 
Tmeismado  UfB  of\  hing  taken  with  a  Tekfcofe  ^  15  F%tt^  thty  nutf  he  ^^  -. 
^ttmtd  as  vffj  acenrate.  oj?? 

ftpmcM 

XL.  DHomher  the  2otK  1^64^  N.  S.  about  Tbiw  a-Clock  this  Momidg,  1  ^^P^'i 
fMarved  the  Comet ;  k  was  ii>  tb^  Conftellatipn  cf  JSfdra^  not  £ir  ihim  the/^^;^^ 
Foot  of  Crater.    It  appeared  about  the  Bigi^Tst  of  a  Star  of  the  iir^  Magni*^  MrjjLy; 
toAi^  but  nothing  (b  lucid  and  bright.  It  had  a.  very  long  Tail,  which  poiriEol  < 


tImoiJ:  dire&ly  towards  the  Heart  of  Mfira:  The  Tail  ihewcd  f<?n«what^g[^ 
likeRaya  of  a^andlc  buraiog  in  a  Mift  j.  tho  Figucc  of  it  wa»  wnicalii^J;j7* 
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the  Length  of  it  5  or  6  JDegrces ;  the  Breadth  at  theBafe'tiot  above  a  De- 
gree and  an  Half.    The  Body  of  this  Ctnnet  was  about  g  Degrees  to  the 
Tvg.  tzs.  South-Eaft  of  the  moft  Southerly  Star  in  the  Foot  of  Crater ;  it  flood  voy 

near  in  a  Right  Line  with  the  two  lowermoff  Sears  in  the  Foot  of  Crater ^ 

which*are  common  to  it  and  Hfdra. 

Becekiber  21,  In  the  Morning,  about  the  fame  Hour,  it  was  rcmoreJ 

about  a  Degree  and  an  Half  from  the  Place- where  it  Rood,  Wcftward,  and 
Fig.  124.  a  little  to  the  South.     The  Tail  pointed  ftill  towards  the  Heart  of  tffir^ 

and  appeared  10  Degrees  long  at  the  leaft. 

December  22,  At  the  fame  Time  it  was  removed  from' the  PDwre  where  it 

ftood  the  Day  before,  to  the  fame  Point,  and  about  the  fame  Difbance  as 
Fig.  125.  the  Night  before.    The  Tail  of  it  ftill  pointed  to  Cor  Hydr^^  oralitde 

Thought  above  it,,  as  the  two  former  Days,  and  was  ratter  longer  than. 

fhorter:  It  alfo,  to  my  Thinking,  appeared  brighter  and  larger;  the  Body 

of  it  being  bigger  than  any  fixt  Star,  except  Sirius. 

December  23,  It  was  removed  to  the  fame  Pointy  and  about  the  fame 
Fig.  126.  Diftance  as  the  Day  before ;  the  Tail  of  it  was  as  long  as  ever,  and  ^tCtmet 

brighter.     The  Tail  pointed  almoft  direftly  to  Cor  Hyira. 

December  24^  25,  26,  AH'  thefe  three  Nights  were  cloudy,-  fo  thar  I  could 

make  no  Obfcrvations.    * 
December  2^^,  We  found  k  ftrangely  removed  frortPi  the  Place  where  it 
Fig.  127.  was  :  k  was  (till  Weftward,  and  a  little  to  the  South,' as  before.    The  Body 

of  the  Star  was  ftill  brighter,  and  the  Cauda  about  ir  greater,  and  more 

bufhy,  and'  yet  as  long  as  before  ;  it  pointed  ^moft  'dire6tiy  againft  Cams 

major.     The  Body  of  it  was  amongft  the  Stars  ol  Argo.^ 

December  2*8,  The  fame  Time  it  was  removed  above  two  Degrees  towards 
Pig.  \%%.  the  fame  Pcfint,  and  come  within  four  or  five  Degrees  of  tKfe  moft  Eaftem 

Stars  in  the  bright  Triangle  in  the  Buttocks  of  Cams^fnafdr.    The  Moon 

Ihining,  we  could  not  fo  well  judge,  either  of  the  Bigh'efi  of  the  Body, 

or  the Xength  and  Buihinefs  of  the  Tail. 

December  29,  It  was  ftrangely  removed,  and  got  before,  not  the  Eafteni 

Star  only  of  the  mentioned  bright  Triangle^  but  alfo  the  moft  Northern.    I 
Fig.  129.  thikik,  at  leaft,  in  this  laft  twenty -four  Hours,  it  had  moved  four  Degrees. 

The  Moon  fliininc  bright,  the  Tail  could  not  well  be  obferved^  yet  ftiM  it 

feemed  to  point  direftly  to  Canis  minor. 

Obfervati-. 

^MM#^  XLI.  The  Comet;  which'  was  feen  at  the  End^  of  the  Year  i68or  for 
^6%o.  fiiu  wiany  Reafons  is  to  be  confiderM  as  the  principal  of  its  Kitid  ;  as  well  on 
wrSaxonjr,  Account  of  its  Coiufe  for  four  Months,  in  which  it  pafs*d  through  nine 
b^f^*  G.  whole  Signs,  as  becaufe  of  the  immenfe  Magnitude  arid  Brightnels  of  its 
^^.\^2.  Tail :  But  chiefly  of  the  remarkable  Curvity  of  its  Orbit,  by  the  Help  of 
f .  170,     which  the  Theory  of  Comets  is  at  laft  difcoverM  by  the  IHuftrious  Ntwton^ 

who  firft  of  all  Mortals  proved  that  Comets  defcribe  ■  Orbs,  whieh  very 

nearly  approach  to  the  Form  of  Parabolic. 
Now  It  happened,.  I  know  not  by  what  Fate,  that  this  Gomcti{which  in  the 

Evening  was  lo  much  attended  to  by  Aftronomers,)  in  the  Morning  before  it 

reachM.the.Sun»  was  not  once  obfervM  either  at  Paris  or  at  Greemmeb.  And 

thofe 


Ohfiroatiom  on  a  Comet  ^r Saxony.  34! 

thofi  duit&witaod'^obfo'v'd.it,  ddiver'd  incongruous  and  contradictory 
Thh^  about  it,  and  but  little  fuitable  to  the  Nicety  of  the  Affair.  Nor 
was  it  feen  bv  any  iateliigent  Obfenrer  till  Nov.  ly,  in  the  Morning.  Hence 
it  was  that  that  navd  the  Orbit,  in  which  the  Comet  approached  towards 
the  Sun^  could  not  bp  determin'd  but  with  fome  uncertainly.  But  we  lately 
hapficn^d  upon  a*  Book  of  a  very  deferving  Aftronomer  Mr.  Gottfried  Kirch; 
zGcmuoh  pntfoeA'SLtiNcrimberg^Ai.  1681,  called  jpiue  i^immtlsi  jefrunff, 
that  is,  a.  new  Celeftial  Meilenger  •,'  in  which  the  very  diligent  Author  er- 
plains  to  us,  by  what  good  Fortune  he  difcover'd  this  Comet,  being  as  yet 
obfcure  withoufi  a  Tail,  and  hardly  viTible  to  the  naked  Eye  :  While  he  was 
taking  bis  View  ia  Older  to  obferve  theMopn  and  Man  diat  was  near  her, 
Nov.  4,  old  Stile,.*  in  ^the  Morning,  stCoiurg  mSaxorrfy  which  Town  is  1 1 
Degrees  more  Eafterly  than  LondoHy unitrtht  Pole's  Altitude  50^.  20^  near- 
ly ;  he  was  urged,,  as  ihe  lays,  by.  the  Rumour  of  a  Comet  feen  in  Germany i 
and  fiit  up  at  Nighrwith  his  Face  towards  the  Eafl,  that  if  any  Thing  new 
fhould  arife  in  the  Heavens,  which  were  then  very  ferene,  he  might  take 
Notice  of  its;Situation.    Now  as  the  Moon  approach'd'to  a  certain  Star^.not  '^ 

taken  Notice  of  by  23^rA^,  (but  which,  is  put  down  m-FlamJitad's  BritiJhC^- 
talogue,  and  is  44  inX^,)  he  had  a  Mind  to  detehnine  the  Place  of  the  ikid 
Star  by  thofe  which  were  near  it ;  and  as  he  tum'd  about  his  Tube  which 
was  capable  of  receiving  three  Degrees,  he  fell  upon  a  Kind  of  cloudy  Light, 
making  an  unufual  Appearance,  and  which  he  immediately  conchided  to  be 
cither  the  new  Comet,  or  a  nebulous  Star  like  that  which  is  in  Androtfieda^^' 
Girdle. 

Now  he  firft  law  the  Comet  at  4*"  ^  in  the  Momingy  being  a  litde  higher  Fig.  130. 
than  the  two  litdeTelefcopic  Stars',  which  are  mark'd  with  the  Letters  a  and' 
tf,  with  which  however  3t6\  it  was  exactly  in  a  right  Line.     Whence  it/was^i 
plain  that  it  moved,,  and  with  a  direft  Motion.     Between  the  Hours  of  Five     ' 
and  Six  he  vicw'd  this  Phenomenon  with  a  10  Foot  Tube,,  and  faw  two  other 
little  Stars  contiguous,  but  lefs  than  the  former,  mark'd  with  the  Letters  e 
aQd'i,.and  above,  thofe  a  third  ^.  .  Now  the-EJiftance  of  the  Comet  from  e 
waifomething  lei^dian  that  from.^,  but  greater  than  the  Diftance  d  e.     At 
6\  38^,  the  Diftance  of  the  Comet  from  ^  was  the  Double  of  the  Interval 
between  them  d  ^^  and  the  Line  d  e  produced  left  rfie  Cemet*  below  it,  ^  g    ^ 
y£t.  fa  that  it  reach'd  its  upper  Mai^ln.     At  6^.  45'.  the  Comet  was  now  Tube  in- 
fenfibfymore  icmote  from  e  than  from  a,  and  was  diftant  f rom  ^  fomething  yerting 
more  than  half  the  Diftance  of  the  little  Stars  a  and  g:  ^^%^ 

Now  it  is  to  be  obferved,  that  the  Clock  was  before  the  Heavens  full  14^^''  *     .    ; 
Minutes^  as  appeased  from  the  Alritudes  ofCorLeonis  which  were  then  taken. 

This  is'  truly  a  noble  Obfervation,  and  therefore  we  have  inquired  into 
the  Places  of  the  little  Stars  then  adjoining  to  the  Comet  by  more  than-one 
Method  i  Mr.  James  Pound  affording  us  his  moft  expert  Hand  and  very, 
excellent  Inftruments.  Whence  it.  appeared,,  that,  at  that  Time  thofe.Uitle 
Stars  had  the  following  Situations. 

Longitude.  Latitude;  ^ 

a        SL  29®  54    2Q^^  .  I     29    20    Norths  ^ 

^  29     27     20       .         I.      8     00 

^  ^9    34    30  I     10    45 

Now 


Ndur  a  great Circfe  drawn  thwogh^Mdt im  fbmdlt^. pAlbaog^ 
the  laft  Scar  of  the  Tail  of  the  greatcr.Bcar^  .and  didodSbtp  tbaa.  the  ikog^ 
t/ith  a  Circle  of  Longitude  at  a  wa&.r5^..  ^6^1.  Ajidmhraas  the  Diftmm 
of  the  Comet  from  a  towards  c  was  ibmethiog  grc8teK)than  half  .tlie  DiOnot 
ng\  (which  with  a  Tube  of  i6  Foct,  aodaMicrooiefett  wefindia  be:^^^) 
yfc  may  fuppofe  it  to  have  beea  ix  Mioutef  •  And  ftom  what  is  gZwQ  ^ 
Place  of  the  Comet  will  come  out.  a.  19^.  5t^  with  Nedii  Latitude  i^. 
ty^i.   The  Hour  of  theClock  bdog  6,  but  dlLond^n^K  2^.  Bpp^rcntTuBc. 

Again,  iV<?v.  6,  in  the  Morning,  at  4^.  42^  with  a  two  Foot  Telefcope  be 
found  the  Ccmiet  to  be Juft  in  a  eight  Line  betwedh  Afjri  and  the  litde  Sur 
iV ;  which  in  the  Britijti  Catalogue  is  the  45.  of  Lr^,.  and  was  thea  in.^  2^« 
42^  with  South  Latitude  o''.  i^4-  but  M^s  at  that  Time»  (by  coitipanng 
Obfervations  made  before  and  after)  was  in  4(  3?.  46  7«  with  North  Ladcode 
l^.  j^(/.  Whence,  bccaufe  of  itsPart  ixing  giinen»  the. Comet  was  in  «  j^. 
13^  with  North  Latitude  &^  at  Lmdnn  at  3^  58^*  apparent  Time,  in  the 
Morning, 
r^.  131.  Alfo  Nov.  1 1,  at  5^  I5^  in  ttx^  Morning,  the  Comet  was  equal^  diftant 
from  the  Stars  9  and  9*  of  the  Um^  aoconUng  to  B^gtr^  but  had  not  ycc 
reachM  the  right  Line  joining  the  fame,  but  was  at  a  fittle  Diftance  from 
it.  In  the  Britilh  Catalogue  «  was  then  in  ^  14^.  15^.  >vath  North  Ladtade 
\^.  41^  nearly ;  and  r  was  in  ^  17^.  j^^,  with  South  Latitude  o^  34'. 
Therefore  the  Latitude  of  the  Comet  was  fomething  lefs  than  a  Meaa  de-^ 
-tween  them,  that  is,  than  o^  33^4*  Northerly ;  and  its  Longitude  than  *K  15^. 
39^  But  this  is  not  to  be  much  rely'd  on,  fince  it  depends  upon  the  dfti* 
mated  Equality  of  the  Diftances,  which  is  a. ftippeiy  Matter.  Now  die 
Tail  was  not  yet  begun,  except  by  the  Length  of  half  a  Degree,  viewed  by 
a  ten  Foot  Tube. 

He  that  would  know  more  muft  have  recourfe  to  the  Bode  idelf,  wtok 
in  the  G^n^iM  Language^ 

Obfervad-     XIJI.  Mr*  Chr.  Kircb^  Jan.  i8>  new  Stile  of  the  prdent  Year,  as  he  was 

oDs  on  a  (tiligently  obferving  the  Motions  of  the  Heavenly  Bodiesi  in  the  Evening 

]^"^f  ^     ia  me  Middle  of  the  Week,  by  chance  perceived  a  ConKt  cowards  the  Noith. 

V7i%!^  It  waft  near  and  to  the  Right  Hand  of  ^tfy^s Stars  >  and  $  in  die  kfler 

Berlin,  fy  Bear,  and  appeared  much  more  diftindt  to  the  naked  Eye  than  $  in  Urfi 

^r-^*    mhWi  tho^  that  be  a  remarkable  Star  of  the  fecond  Magnitude ;  it  being 

i^V^l     indeed  much  paler,  yet  of  a  greater  Diameter,  and  of  a  prettv  bright  Light, 

f .  iloi    efpedally  towards  the  Center.    When  feen  through  the  Tuoe  it  fhew'd  as 

a  farigbt  round  little  Cloud ;  but  no  Foot^fteps  of  a  Tail  could  be  obferved, 

nor  any  Nucleus.    It  went  on  with  a  very  fwift  Motion  from  the  Hour 

Seven  to  Eleven^  and  compleated  4^  Degrees^  as  was  concluded  ly  Obfer- 

Vation. 

Jan.  19  and  4o>  the  Heavens  were  cover'd  with  Clouds.  But  on  the 
ai^  the  Comet  had  departed  far  from  its  former  Place,  and  was  found  in 
Caffiopea^  where  it  made  a  Triangle  (was  it  equicrural  ?)  with  the  Stars  s  and 
#,  at  5^  45^  in  17®,  34^  «,  under  Northern  Latitude  49^.  54^  After- 
wards at  9N  I5^  it  was  fccn  in  x6^.  38^  »>  under  Northern  Latitude  49^ 


Obfefvatidnt  on  a  Comet  at  Berlin. 

2^.  But  It  was  much  decreafed,  and  came  (hort  of  its  former  VeTocity  i 
aa^alib  ic  af^>ear'<l  paler  than  before,  and  being  feen  with  the  naked  Eye^ 
feem'd  hardly  to  exteed  in  Magnitude  a  Star  of  the  fourth  Dignity ;  and 
)kk1  proceeded  in  its  Orbit  not  above  a  Degree  and  a  Half  in  tour  Hourft 
and  a  MiaXt  By  the  Afliftance  of  the  Tube  its  Diameter  was  found  to  be 
feven  Minutes. 

J^Hr  22,  at  Four  in  the  Morning,  the  Comet  made  an  equicrural  tn^ 
angle  wiui^  and  f  xn  CaJJiepea^  being  diftant  a^.  41^4*  ffom  each.  This 
Morning  it  h^y  moved  half  a  Degree  in  the  Space  of  two  Hours.  Af 
Ten  in  the  Evening  it  was  feen  in  a  right  Line  with  /  of  Cafficpia  and  p  of 
Perfmsr  and  was  diftant  from  the  former  3^.  38^  from  the  latter  3®.  g^^ 
Its  Diamefiev  was  five  Minutes,  and  view'd  with  the  naked  Eye  feemMa 
Scar  of  the  fifth  Magnitude. 

Jan^  24,  at  Six  in  the  Morning,  it  had  not  reach'd  9  of  Pirfiusrhxxt  made 
an  equicrural  Triangle  with  ^  and  g  of  the  fame  Conftellation)  and  was  di* 
fiant  from  each  not  quite  3^4.  This  very  accurate  Perfon  will  inform  to^ 
of  more  Things  from  his  Obfcrvations,.  in  that  more  copious  Hiftory  of 
this  Comet,,  which  he  is  now  preparing. 

Hitbart0  the  ^reatife  calFd  the  Literary  Joiimal,  p.  43,  44,  in  i»hicb  are 
nMMifHg  tbi  Objfrvations  ef  tbe  i^tb  Bay^  when  tbe Comit  was  neareft  to  tbe 
Earibs  and  m&ved  witb  greatefi  Velocity j  whence  we  might  make  a  furet  Judg- 
mint  if  its  true  as  well  as  apparent  Ceurfe.  New  it  is  evident  that  on  Jan. 
19,  itpajfed  neareji  to  the  Northern  Pole  of  tbe  Equator.  If  any  one  Jbould 
bofue  a  3l^£nd  to  bring  ibefe  Obfervatiens  to  a  Scrutiny^  and  to  make  tbemfuh- 
ndt  U  afifiSer  Cnkulation%  for  ibis  Purpofe  here  are  fubjoined  the  Places  of 
tbe  jCv/  Stars  here,  mention'dj  taken  out  of  tbe  Bridfh  Catalogue  i  whence  it 
wUlplsinfy  appear r  that  feme  things  cannot  be  right  in  tbe  Defcription  of  the 
Mstiom  of  this  Comety  which  we  hope  mil  be  correBed  in  that  fuller  Account^ 
vbi£b  bopromifes. 


«4J 


the  Places  of  tbefixt  Stars  at  tbe  Beginning  of  An.  1 71 8. 


According  to  Bayer. 
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344  ^  fmall  Telefcopical  Camet, 

A  fmall      .XLIH.  That  the  NumJ)er  of  Comets  is  much  'greater  than  fomej  ofi 

Tclcf-      iAccQunc  of  the  late  Rarenefs  of  their  Appearance,  have  fuppofed,  ifeay 

^P^^     be  coUeded  from  feveral  fmall  ones,  which  have  within  few  Years  t)ecn 

feen  June  defcribed  in  the  Memoirs  of  the  jRr^»A&  Royal  Academy  of  Sciences  ;  tbofe 

lo,  1717,  Obfei-vers  affuring  us,  that  they  difcovered  one  mSept,  1698.  another  in 

^Z)r.  E.  j7^^^  i6p9,  a* third  mjipril  1.702,  and  again  a  fourth  bi  Nov.  ^707 9  none 

11  ^ci*,    .of  whicib,  as  far  as  lean  learn,  were  ever  feen  in  England  i  all  of  them  lia- 

p.  7^1.     ving  been  veiy  obfcure  and  without  Tails,  *by  Means  whereof  Comets  uliiaily 

firft  fiiew  themfelves.    And  befidcs  thefe,  two  other  Comets  with  rematk- 

ably  long  Tails,  the  one  in.Nov.  1689.  the  other  in  Fek.  1702.  paft  by 

unobfervable  in  -liiefe  our  Northern  Climates,  they  having  great  Soutliifig 

Latitude,  and  4Jieir  Motions  direfted  toward  that  Pole.     Hence  we  niay 

juftly  coriclude,  that  the  Returns  of  Comets  are  much  more  frequent  dun 

is  vulgarly  reckoned,  and  that  it  is  oiily  contingent,  that  for  thefe  Thirty 

Fjve  Years  no  jone  of  them  has  been  feen  and  obferved  by  our  Aftrono- 

mers. 

But  there  may  be  ffill  a  much  greater  Number  of  thefe  Bodies,  which 
by  reaibn  of  their  Smallnefs  and  Diftance  are  wholly  invifible  to  the  naked 
Eye  ;.  fo  that  unlefs  Chance  do  direft  the  Telefcope  of  an  Obferver,  almoft* 
to  the  very  Points  where  they  are,  it  will  not  be  poffible  for  them  to  be 
difcovered :  And  that  this  is  not  barely  a  Conjedhire,  take  the  Ibllowtng 
Inftance. 

On  Monday  Jutie  10,  in  the  Evening,  the  Sky  being  ferene  and  cahtt, 
directing  my  Twenty-four  Foot  Telefcope  towards  Mars^  I  accidentally 
fell  upon  a  fmall  whitifh  Appearance  near  the  Planet,  refembling  in 
Vid,  Supr.  all  Refpefts  fuch  a"  Nebula  as  I  defcribed  in  PbiL  Tratlf  N<^.  347.  \kt 
p.  224.  linaller.  It  feemed  to  emit  from  its  upper  Part  a  very  fhort  Kind  of 
Radiation  direfted  towards  the  Eaft,  but  Northerly  withal  \  which,  ow- 
fidering  its  Situation,  was  nearly  towards  the  Point  oppofite  to  the  Sun. 
The  great  Light  of  the  Moon,  then  very  near  it,  and  alfo  near  full, 
lundered  this  Ph^ewftnenon  from  being  more  diftindly  feen-,  but  its 
Place  in  the  Heavens  was  fufficiently  afccrtained  from  the  Neighbour- 
hood of  MarSy  from  whom  it  was  but  about  half  a  Degree  diftant  to- 
wards the  Southweft,  the  Difference  of  Latitude  being  fomewhat  more 
than  that  of  Longitude  ;  and  Mars  being  at  Time  in  t  ij^.  30^  with  3®. 
48'' South  Latitude.  I  concluded  the  Place  thereof  in  t  17^.  12".  with 
4^.  12^  La;titude  South,  or  thereabouts  5  the  which  may  yet  be  more  fc- 
curely  determined  by  Help  of  two  fmall  fixt  Stars  I  found  near  it,  the 
more  Northerly  of  which  I  judged  to  have  the  fame  Latitude  with  it, 
and  to  follow  it  at  about  the  Diftance  of  fix  Minutes  j  the  other  Star  was 
about  four  Minutes  more  Southerly  than  the  former,  and  about  one  Mi- 
nute in  confequence  thereof ;  the  Angle  at  the  Northern  Star  was  a  litdc 
cbtufe,  as  of  about  100  Degrees,  and  the  Diftance  of  our  Nehda 
from  it  Sefqualter  to  the  Diftance  of  the  two  "Stars,  or  rather  a  little 
more.    The  Reverend  Mr.  JVilHamsy  Mr.  Thomas^  «id-niyfelf,  contcm-' 
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plated  this  Appeanmoe  f<ir  ftbove^jpi  Hoif  ,  viz.  from  half  an  Hour  pai): 
lo  to  near  i2,  and  we  could  nol  be  deceived  as  to  its  Reality ;  but  the 
Slownefs  of  its  Mo^a9if  tnade  ^s  at  that  Tioie  GOnclAde:»  that  it  had  none^ 
and  that  it  was  rather  a  Nebula  Chan  a  Qnnet. 

.:  t^fowp^er,  fu^^qftii^  that  h  might  hare  fome*  Motion,  I  attended  the  ? 

nf#'KigKt  at  mt[{^ifM^  Hpurs, .  ana  in  the  fkmo  (pbmpany ;  when  with 
i^^'}^mp^  th^  Thickjjefs  pif^thc  Air,  wc  found  the 

c^o  Jitue  ^tars  f|^)»ii(  t%e  Uchula  could  fujL  9$:  that  Time,  be  feen,  which 
we  tlw  iroputw  ta  ^the  ^^t  tff  if  cka^  Sky ;  But  on  Saturday  Ji^ 
15,  the  Moon  being  abfepfi  an^  th^  ^  perfedly  dear,  we  had  again  a  -    — 

^^^^oEt  Viqw  ^^^VfK^^ Stt^  with  an  .eiitijre  Eyioeoce  that  there  r^an- 
fd  00  JFrbo;^^^^  it  ?o^  P^  where  Vp  j»ad  firft.fcqi  thi^. 

Pbfiiomnim^  ^mm^  Yft  theretbre  now  found  to  be  a  Comet,  and  fduit 
Deifig  far  without  the  Orb  of  tb?  £arth»  and  in  itielf  a  very  (v^  Q^dyi, 
it  f(ppGved.oAjy<^k^  a  Uttle  $pei9l(  of*  ^  Cloufiy  fuch  as  would  icarce  have 
locep  4l^9^  J9  ¥l{9!l^h)arXs^X$l^^      much  iefsoy  the  nakied  :£ye» 

t  v..       ,  •  ;;.  r:-;..  XLJbV..'. ,  P^m  mmttid:.  :  ■','  ' 

^.jtf  E?C|r*tofM!P^.r<?<r>f*^^  Ora/^trie'^  Leter*^  P«>viag„.j5,.p,6d3. 

Mrw^i^b^KW  ^^H^  jbfffB  tim  fo^nta-  of  ^Jl^^ffcf^ci.Sigiis  of  Ma- 
tb^qia$)Q^in0^Hmafi|s,,  ^n^  :ii9t\the;iFr^Kii^i^,  by  ti^e  Reverend  .Mr.  (i^. 
P«rii^  J>i«bg!id.fif>i^^^^^  m^  F-R,  S. 
.  :Mf?J3?  ^ii^^A  .w.  the  .iwtjpyt  of  ^  Tsfhl^  4/^m.  pub^M  J* 

tf.^mmM^M^ffl^^  (whjffe  5^0  w$s  ift:Bfife#  daiipc^  *  hifr  by 
Mr.  Juzout^  in  a  Letter  in  the  tjPZ>..  ^ipj^ij/;  N.  Ai.  .in  the  ¥.€;?«■  i6^,.) 
¥wP^^«^i.)f«o«^ith^  Ij)^is^  Mr./Gaff»Sf^.  Vid  5dr^(>^<w, 
Sippy^  ^c  M^:  fiafiiP&^%  |s"  e«lyi^:  tM  Ye^  i^40^npade  yte  of  thefc 
^Mefi^sAf^JSi^H  ill  tyoprjunw  SpCts  of  hi^  M^nmters^  ^  in  V» 
Sjuadrant  and  Sextant.  ... 

.  2^  Aftip;ipp«9  Gwirf/ftr.Sf nepSi,  Awdre  M4mn49  Hglkio  ^pud  C^^^  n-^|9«.  p 
»«a|^^j<Jepi9W||^  .       **^^- 

.^  ■.•..■■•':;.  •       • 

"XLV.    Account  of  a  Book  omitted. 

i*nff,^  M.  D.    'At&onomiaB  Profeffoire "  Savitiano,  "&  R,  S.  S.  fixm^ 


Vot.  IV.  Yy  CHAp. 


34^  to  find  a  ^M 

Q  H  A  P.     IV.      ; 

Mechanics,      Acouflits, 

T»fiula  SoUdl.  I.  f  ■  '^H  E  Problem  of  finding  a  Round  Solid,  wWdi  mcdnai  m 

'L'JfiJcTic  I       a  Fluid  fhall  fuflFer  the  leaftRefiffance; which  ^fef^ 

fyt^*).  '  *      merly  folved  by  the  Illuilrious  AVn;^,  has  been  Jatch- 

Cnig,n.a68i  attempted  by  thofe  great  Men  the  Marquifs  of  /fij^a/  and  Mri" /• 

E;  747-         BemeuUi  ;  becaufe  Mr.  Iftntdn  thi;mght  fit  to  fuppi^ .  hfs  Ana]yfi$. 

Dic.iiAjoo.     Qjjf  Solution  of  the  fame  Problem  ii.  as  foflbws.  y^r  :'/-•'  -•  ■ 

Lemma.    To  find -the  Ratio  between  tTie  ReflHSice'^ich-  thi  tidht 

angled  Triangle  yfJ  G  fufiers,  and  theRdlfbnce!Vl^li^>th6>drMftff(;^M 

Reftangle  >f  /  G  g  ilifl^,  when  bodi  iare  hjoved  |n  i  'Htiid.  accorSSg.io 

the  DireOion  of  the  Line  /  vf,  from  /  ^owards;  ^i  ^'■'  ^/\-     ^     '  " 

■j^  , , .        From  any  Point  B  let  B  C  he  Anmn  bcrpendiculai"  tjb'4 G  ;  and  B b 

^'  "•   paraUel  to  A  I,  alfo  iB  Af  perptndicolar^ta^./.'    Then^  \ti  Bh  take  IH 

zsZ-^L^  and  ^£=  AC;  and  through  the  Points  H^Ey  draw  the 

right  Lines  /7^,  £  if/whith  producecl  may  cut  Gg^'Uiisid^P.  '  1% 
the  Refiftance  of  the  Triai^le  A IG  is  to  the  Refiftfltii«e'  6P  the  JReaemle 
AIGgj  as  the  Area  of  the  Triangle  ^3f  G  is  ta  the  A*ea  b^theTO' 
angle  J  Fg.  Alfo  the  Refiftance  upon  any  Part  of  the  Line'  J  Gikto- 
the  Refiftance  on  the  correfpondins  Part  of  the  Line  jtg^  for  Exanbrp)^ 
onAB  and  Ah^  as  the  AttsiAH  J  to  the  Area  A  E^.  The ^I^emoii^ 
ftration  depends  on  the  general  Theoreni)  Which  leifily^deri^td  fixxn* 
Prop,  xxxv.p.  324.  o{Newtott*s  Principia.  * . 

Corol.  I.  Now  let  B  G,  bg^  be  infinitely  fmall  Pats  ^f  tHe  Ikiei 
AG^  Ag^  and  let  ^  £  be  produced  to  JL.  I  fay  the  RdMance  np6d 
B  Gy  (Wl^h  we  may  call  ^)  is  to  the  Refiftance  upon  ^g^  <wKkh  ^i 
may  call  E)  ssGLatoG  B  q.  .      .    -  .  ^       -v 

For e. EllKHkg. FEig,  thztis^e.E::*:gUin:bg 
(by  the  foregoing Lemma-^)  therefore  e^EllkH. kBf  Hm  is,  € ;E ;: 

v^J'  •  B  C,  (by  the  Conftruftion  of  the  foregoing  Lmma ;)  theitfore 

t.E'.lCMq.BCj.  ButCAfff.BC  j::G  If  .G5  J,  (becaufe  of 
the  fimilar  Triangles  B MCyGLBt)  dierefore  e .  EllGLj^GBf. 
^E.D. 

(^rvl.  2.  The  Refiftance  upon  an  infinitely  fmall  Part  G  5  is  dqnal 
to  the  Cube  of  the  Line  G  L  divided  by  the  Square  of  ^  Lone  G  B.  For 
if  all  the  infinitely  little  Parts  in  the  Line  jig,  as  hg,att  fuf^fed  equal, 
then  the  Refiftance  upon  bg  may  be  ezprefs'd  by  ^^  itfelf,  dnt  is,  £=  bg* 
and  therefore  EzsGL.     Therefore  by  the  firft  CoioUary,  e  .GLll 

GXj.G5fjwhcncc«s44^    ^  £.  D. 

OroL  ^ 


of  tk  Uqfi  Rafiftamty  8cc.  347. 

(3wA  3.  Let  r  be.  the  Radius  and  c  the  Circumference  of  any  prcle  ; 
I  iijr  diac  the  Refiftance  upon  a  conical  Superficies  produced  by  the  Rota- 
tion of  the  little  line  G  £  aboqt  jfl^  is  equal  to  the  Produft  of 

tiiJfinto^j^A;  For  the  Refiftance  upon  that  Conical  Super- 

^cies  is  equal  toaU  the  Refiftances  upon  the  littl«  Line  G  B^  that  is,  to 
all  the  ^s ;  which  is  Cjqual  to  the  Circumference  of  a  Circle,  whole  Ra- 
dius is  B  M  multiply 'd  into^.  /That  is,  the  Refiftance  upon  that  Co- 
nical Superficies  is  equal  to  iilJ — ^xtf'i   and  therefore  by  Cor..2.  is 

eqi»lto£iL*:5^x$^^    ^E.D. 
^  r  GBf 

Pr^blm.  To  find  the  Cunre  Line,  by  the  Rotation  of  which  a  round 
Solid  is  produced,  which  if  moved  in  a  fluid  Medium,  according  to  the 
pire^on  of  its  Axis,  ihall  fuffer  the  leaft  Refiftance  poifible. 

Let  O  G,  G  J,  be  two  infinitely  fmall  Particles  in  the  Curve  required,  p-  g 
which  revolving  about  ^  ^may  produce  the  round  Solid  of  lai  Re-  **'  *'  * 
fiftance.     Draw  BA£,GPy  perpendicular  to  ^^  alfo  i?Z,  GiV,. pa-. 

rdfel  to  ;f^  and  OiV pandlel  to  BM.    Now  ^^'S MxG Lcul^.    .^ 

rxGBq 
the  Refiftance  upon  the  Superficies  produced  by  the  Rotation  of  the  lit- 

dc Line  G 5'about  ^ ^  and ^^GPxONcul^.  .^  ^^  Refiftance  upon 

r  xO  G  q  .  *^ 

the  Superficies  produced  by  the  Rotation  of  Q  G,  by  Ccr.  3.  Now 
tBefe  two  Refiftances  taken  together,  ought  to  be- the  leaft  poifible,  that 
.    c^BM^GLcui^^cycGP^ONcuh.  ^  ^^    ^^^^^^  .^  ^ 

r  xG  Bq  rxOGq 

Line  12  J  parallel  fo  to^^  thatOJV=GI,  the  Point  G  is  to  be 
fought  that  this  may  happen.  Now  fuppofing  the  Points  0  and  jB  to  be 
fix*d,  this  will  be  eafily  found,  by  the  known  Method  of  Maxima  and 

MtAfki.  By  purfuihg  the  Calculation  we  fliall  come  at  laft  tq^^^^f ' 

B  G  q  q 

_GPxNG    whence  it  appears  that -j^^iiLfsr  a  conftant  Qiian. 


OGqq  ,''  BGqq 

tity.  Thus  if  the  Abfcifs  -^ilf  is  called  x^  and  the  Ordinate  S  M  is^,  it 
will  be  S  £  =  x,  LG  =y\  (which  I  have  fuppofed*  to  be  conftant  hx  all 

diis Calculation)  and  therefore BGq^xx -fjjy ,  whence  — ^JL =i 

conftant  Quantity.    Let  41  be  any  conftant  Line,  and  therefore  (that 
the  Law  of  Homogeneity  may  be  obferved)  it  will  be  -^1 =s 


y-y-2 


l\. 


a 


j!^,  a$  U* found  b;  the  illoftsious  M.  HQ^it4  wd  i^'jkmvtti ^f^^!jfr\ 
•    J^.  .  ,,.  -^  -     •    .  .  .       .       .      ,-C-r'^'r.  W  ;•■ 

Bernoullu  -  .  ' 

And  hsre  by  the  bya  I  take  di»  Opporainkf  to .  figm^*  to?  l/tL  t&*i 
noulli^  that  I  am  very  much  pleated  with  his  Methbd  xiS  conftrudh^ 
CXsiTics  frbm  Flakiohal  Equatiotis^  in  which  OM  e^  tile  iiktoiaMuiabf 
Quantities  x  dr>  is  waildng ;  as  it  h  phMitA  jfl  tA  Liifjk  jUtsfM 
theM<mdi  of  i^jF,  jh^  17001  And  (roni  whence  he  Ktti*  deduced,  cbe 
Conftrudtion  of  the  Curve  here  required,  JViw.  1^9.^  51^ 
/ — I  m'^  ^'  '^*^^  celebrated  Mr.  Jo$n  BMiouTB  has  wrote  rnaii/ TnlngS  abour 
N^Faao  n.  "^Y  Solution  (printed  at  London)  of  the  Problem  foi\  finding  a  round  or 
\il'  P-  >*72*  taper  Solid,  againft  which  the  leai^  I^iiftance  (ha^  be  made*  Ne'd6« 
^'/*7»»^7»*nies  that  it  is  in  my  Powei;,  tho*  I  am  quite  unknoWn  tphiib,  from  fijdi 
a  Solution  involved^  in  fecond  Flu>ti6ns,  tb  go  back  to.  'tfewttm\  Sblb- 
tibn;  a- like  tb  ^Yat\i  B&AoutU  Mmfdf  has  found.  And  inl^miates  hf 
fuch  Aflertionk,  that  at  the  time  Bernoulli  waS  writhig;this,  lliph  a  R)i- 
grefs  would  be  eaiy  td  him.  But  the  Lettete  of  the  <?eleHrat6d  Jarins 
BimouUi  ^e  not  i  little  Contrary  tothis,  from*  i*rtilch,it  appe^  mt  it 
the  Time  he  wrote,  neither  he  fiof  his  Brothei'  Wcf  acqoaittted  with  tibt 
Traii$fofmat!t)n  ofputs;  of  Equadqnf  i|i  wtachr  j^lyidomcareriii^yed^. 
in  which  they  are  multiply'd  for  duly  determinihg  a  Prodiiifb^  fuppofe 
for  Infbuioe  ;^  "^  >  \  or  anyt  other  cosii^m  Quaiiticy;  N^.aadiln  Mut** 
tiplication  alfo  Divifioa  i»  OQiUjainod:  Now  with,  this  Tian9f<}rma(i9D^, 
found'  by  me  in  the  "tiixi  itJ J7  and;  nJSy,  1  iequabmi'  Mt.  At'  MMnt- 
and.  Mr.  Htijgpn^  hf  whom  pcrhags.the  Ifiiowliijdgc  might  bci  90m- 
municafied  to  othelrs.  And  upon  IpQuiiy  I  fbund^  tliat  our  mod  wor^ 
thy  trefident  Newton  at  that  vei^  Time  was  not  ignorant  oVxiy  or  ra- 
tface had  fbund  it<the  £rfl:  of  alL 

But  though  I  cquld  have  anfwered  many  Ways  the  Cavil*  of  thefamousi 
Mr.  JdbnBernouUiy  yet'I  dibfe  to  infcrt  v^  tki/tLeipJic  A^J  tJ^Hrtydlig^ 
tion  which  is  far  the  (imptefl:  of  all^  and  liirhich  Wfc,  fobriBi^imSii  coultf 
not  rejed :  And  from  which  he  might  ftrther  underdahd,  that  he  had 
vainly  accufed  of  Falfity  what  I  had  wrote  kefides^.  of  fiindiii^v  the  Lmet 
of  Sijfkk^  Defcent  \  duly  aamitting.  the  Confideiadon  of  the  Motion 
(as  it  were)  of  a  Ray  of  Light  continually  vefr^ed,  accor^dibg  to  Rr- 
iM/^sDodhrine  ofRefra^ons*  , 

What  I  am  to  perform  is  this ;  I  am  tocommit  toj  WritiM(  a)v  Equa- 
tion involving  only  firft  Fluxions,  which  is  righdy  deduce^  frprn  that 
Equation  which  I  have  exhilrited  Jn  pag.  16.  lOns  is*  what  Mb.  Jobtr 
Bernoulli  requiTcA,  and  afferts  I  cannot  find  any  fuch.  Nor  can  thefc.  he. 
committed  to  Writing,  but  at  the  fame  Time  a  Way  will  be  opchfcd  to. 
Mathematicians,,  for  die  farther  Advancement,  of  the.  more  abftpifc 

Geometry.  '  ^ 

Our  little  Treatift  naay  be  confiilced^  a$  10  whet  b^ong^  t^  ^iec^nds, 

Fig.137  138  ^*"^^  ^  ^^  ^^^^• 

'     '     In  the  adjoin'd  Figure  let  C  be  die  Center  of  the  cquicurvcd  Circle 

A 


'iff  F»  which  ia  the  Point  4Ttaif  cdncideM  intimately  as  tsact  be  with 
liie^on  orthe^dtid  nquiitd,  wbofe  Aids  i&  St.  And  the  Radius  of 

m  Cintk  wifi  btCvf»,or»gr^^^*^>^^^,  whkhwaiourSolatioii. 

I  .  MAe  aft  Befoit  ^5  s:  <»,  ^erpen<ficular  to  the  Axift  of  llMi  Sdiid  r  S^, 
K  iiie  Fhixioa  of  whidi^jffs:  X  let  it  be  (^  an  invariable  Mag^tude,  and 
]e&££  s  j  be  pucaUd  ae  the  Axis »  aMl>ag«ft ndle  ^ Parpcodtcukr 

£  Gss  4  and  G  F= jr +5  will  be  pandid  t)6  difc  A»s. 

'>owitwiiibe^./::«;a3Aiif-.^.l£i!-j^=3i*^* 

tt         s        t        i        i        i 

vhpehwaibe^ualto»^,or^2)4|>MaUel  to  the  Axis,  (jippofiag  CD 
to  be  perpendicular  to  the  fame  Axis.    Make  CD  =:m. 

A«aiaitwillbe^..i:i««ai^'^i^;3:ii:*_^s:3i^ 

which  wiH  b^  equal  to  rnotCD.^  The  Value  of  tfaU  is  indeed  uiu^eccf- 
fiiy  heie,'  btjt  it  will  be-ofUfeb  what  fbUtiWsf. ' 

New  fipni  the  Pwpcctyof  the  equicurved  OrcliJ  ^£  J^;  producing: 
JBy^aiid  ii£  to  the  other  Part  of  the  Ciroimfenence,,  we  ihall  have 


fci     n  — *■■ 


And  again  from  the  Propdtf  of  the  fame  Cirde^-pnidadng  G  ^ahd! 
6  F  «>  dtt  Other  Part  of  the  CircUmferaK^.  ^  fluU  l»v«  «  ^ 

2)W+3Jf=;r+J'X   2»— 2jf  — jr. 

Xherelbxie  fubOradting.the  former  Equadoathun  the  latter;,  it.  wilt  be 


ty*  =  —  2\r>  — >r-4^  a-*jr— 3/jf  —  jr-^. 

And  thofe  Terms  being  expunged  which  are  infinitdy  lefs  than,  the: 

*-»•'•  ...  ,         • 

ethers^it  will  be  2xaf  =: — 2:yy  -{^  2fty 

•And  the  Valufe  of  *  being  fubttitutcd,*Tr'iS:  ;f  x.  =f  — *  jr  jp  j|4. 

«  ■  •         •  •  •^ 

SM^^.^t^^Xj  tfeatis  x^y  4-  a^*  y*  —  T^  iy^S  "f  *  ^'  ^>  =^<^ 

'    ^ .     ;  .'  y  .     •f  « «■  #  r  •  .      , 

TliU  Eqoationii&compofedMd^p  cf  tbd^iildet^ 

ihcj'titeii^  PjuxiDiis  iT,.)',*  and'the  invamttle  Calamity  ;r;  and  ()f  siyeA  Cg^ 
cfiitients.-  A'ttd  there  al-e  two*  Pkh^^^ofT^tits  in-  wmch  the  fettte  Li- 
fers .ocQur,.  and  Powers  of  Letters,  ejTcepc  that  ther^flowmg'  Qtianrftjr; 
cxprefeM-  by  one  Letter  is  converted  into  a  Fluxion^,  or  a  Fluxion  inta> 

aJFluent*. 


3iS9  Tfi  fyata  Solkl,  J^-k . 


VW^K^^^ -^K^'-^S^"'  *  "^^A  bring  r#tly(ktcmai,U 

■  Therefor^ accorAng^TO  our  Theory  oTfucfe  TrahsformafciohSi  iit  rfu 
^u'^'^S.I"??.'  from jrhcnce  arifts  thf  lirft  Pair  of  TeriTmiS 
wrth  one;  Aftcriik,  the  Number  of  Dimennons  of  the  indeterm^^,, 

to  tHe'Number  pfDimenfions  of  the  kndSeriAinate^y;  that  is,  i  ll-» 
will  be  tO:i  +  A,  sis  the  CoeitiGiefti :>  inthfe  T<rm  if '  7  is  to  the  Cd- 

efficient  i  intheTerm,x**ji.     Again  in  the  seneradna  T»««    a. 
whence  ^fesAeod,erPa^J>fT^^^  «ark'd.?Sh^Aft^^ 
Number  of  DunenfionS  of  the  Indeterminate*  will  be  to  theNtmi£ 
of  Dimenfions  of  the  Indeterminate  7;  that  is,  i  +  «  will  be  to  i  +  a» 
as  the  Coefficient  i  in  the  Term  iy  is  to  the  Coefficient  -.3  in  the 

Term-3*i*:^i  whence  itiii«  =  -4;andA  =  -4,  and  therel 
fore  the  Multiplier  »*y*==«"-T^^-4 

Therefore  it  wiU >  —  *  ~^  ;»  yT^  ^^'^^  i  ^  =-f- 
which  is  the  generating  Equation  of  the  fori^  Equation  multiply'Tl^ 

-    *    .  _» 
«        y      ^  i  where  j  is  a  determmate  Quantity.    Now  if  you  fiiaare 
this  generating  Equation,  (odicrs  call  it  a  Fluent)  diat  the  Roots  may 

be  taken  away,  there  will  arife  x "~'  x*y  ""'  -j-  2  *~'  *»  y  ^ 

•  •       • 

X        j'=:!yj,or— X JL_i2.-yj,    Which  is  the  very 

Equation  of  Nmto»,  which  7.  J«rM8i»  has  alfo  found,  and  I  rriyfelf 
haw  dewed  formerly,  by  die  moft  eafy  Inreftigation  of  all,  that 'can 
ke  hoped  for  dus  Equation.  Now  the  Quantity  ;  7  may  be  determined, 
«irfier  fiwm  the  Pormoa  of  dus  indefinite  Axis  r^,  the  Point  Ay  and 
the  Tangent  of  the  SoKd  in  J  being  given  ;  or  from  the  Pofition  of 
the  Point  J,  the  Ctaxter  of  the  equicurved  Cirele  C,  and  ^  2)  parallel  to 
the  Aas  of  the  Solid  •being  given. 


Tofirtd a  tAmitfthe  S^lchfi Defcem.  351 

n.  PnMm.  To  ^d  the  Line  of  fwifteft  Defcenc  TtjlmlthtLb^ 

Let  BC,  CDy  bft  two  infinftely  finall  Paitides  in  the  Curve  ttquired.  ^^MP^ 
Now  thb  Cunre  muft  be  fuch,  that  the  Paflage  from  B  to  A  aftcrSSto  a  26I 
the  Fall  froolk  the^  Horizontal  line  A  ^  may  be  performM  in  the  p.  yjo.' 
Ihorteft  Tim©;     ^Therefore  a  Point  is  to  be  found  in  the  Line  li5,**«f««»7<»« 
(parallel  to  a  A^id  fuch  a  Manner^  as  that  the  Differences  of  the  Oidi- 
nates  GCDE^  may  be  equal)  fuch  a  Point  C thatthis  may  happen.        '^*  '^^ 

Now  thfe  Velocity  in  the  Pmnt  C  k  fuch,  acs  will  be  reprefented  by 
v^  ^C,  and  the  Velocity  in  the  Point  Z)  wiH  be  •  <^D.    Thaefiore 

-~^  is  the  Time  of  Defcent  along  JBC,  and  S^  is  the  Time  of 

Def<w«  alongfCi) }  <by  Av^.. 54..^.  158.1  rfJ^*«^^^  Therefore  the 
Point  Cn^uft  be  fuch,  that  ^^.  +^£JL  ^Mmm.  Suppdfe  Band D 
to  be  fixt,  and  make  .the  conftant  Lbe$  X?  C-ss  JD  £  s:  w,  i  C  si  *,^ 
2)=^  i  the  indetcrnSnate  Lines  BG  -=  u,t  E^Zi'  whence  •*!L±iL 

+  i/!!l±£=ili?«.    Therefore       '  ^  ^.=^  ,       "^^         ■  ■ 

=  o.  But  »  as  —  4  becaofcy  4r  2^ «  liqtial  to  ft  conlbmt  Quantity^ 
Therefore  ^,  —  ^    -        5  whence  it  i^)pears  that 


— —^  is  equal  to  a  conftant  .Quantity.  Now  make  the  Ab- 
fcifi-rfX  =  Af,  the  Ordinate Z.G  ^cj^W  therefore  BG  =  Xy  GC z=:yy 
B  Czz%/x^  +y* ,.  and  .let  tf  be  atty  conftant  Line.    Then  it  will  be. 


^ ^    -■  =  -J^  ;  whence  i  •  « =  •  jr  x  •**  +  jr*.     But 

yii/i-+y         ^^_ 

in  ev^ry  Curve  'tis  i  ,  •  *'*  -H  jf  *  :  I  Subtangent .  Tangent.:  Therefore 
the  Nature  of  the  Curve  required  is  fuch,  that  the  Subtangent 
is  to  the  Tangent  as  •  a  to  •  ^.  But  all  know  that  this  is  a  Property  of 
the  Cycloid,  who  know  that  the  Tangent  of  the  Cycloid  is  parallel  to  the 
Chord  of  the  conterminate  Arch  in  the  generating  Circle,  whofe  Dia- 
meter is  a^  and  whofe  Vertex  points  downwards. 

And  with  the  fame  Facility  we  nwy  find  the  Curve  of  fwifteft  Defcent,, 
in  any  brfier  Hypothefis  of  Gravity.  ,__  » 

III.  To  fuKl  a  Curve  which  a  falling  Body  would  defcribe  in  ^^  ^  j   j^ 
Ihorteft  Time,  being  urged  by  a  Centripetal  Force  tending  to  a  given  ^hi,;/,;^  3^8, 

Point  3^p.  86a 


Point;  which  For«  iftC«^»;,or:ctwrfi|fiff  SfliCii^fcgtoWj^CtTof 
tbeDifboeo  frbm  th«  Q^Mr'i  mlm^simc^  '?9»t,Qfj^  CqRf  u 

Let  thfe  Center  of.Fw»be<>,fro»;'«T%fciCw«ri  Wfji  Ah*  PlftS»ce.C 
^  dqual  ta  the  AUitlade  from  >h4n«:  1*e  i3o^  ftU«,i  let  9  Circle  ;8  £  <F 

lowoflt  Poln^  o£  the  Cuihrci  wt)^e  i(  iRMt*  th«  Avls^rff  ^ci«c  aymOtTr 
t^acbj^iyf.  .'Tis  rtqUUcd^  MA?Qy^/^t.wh«r9,^,C««)K  ofquiclUft 
Ddfaant  £  ^^f.^csts  tht:.ar<ieiSU'*t«M)tbpr  jiresd.CH&nCc  C  ;'.  TW* 
Problem  has  two  Qfik^,  one  of  which  depends  on  the  Hyperbola  aod 
(Clrdfe^  iheollh«?MXheEDipfu8fliid.P»fclc-  1  •...;;  :  ."  "- 
Tut  lAo  ^"Z  i-  If  *^  Ctaai]^ttal  Force  be  reciprocally  as  the  Diftance'froill 
^'  '^  '  the'GiMceHietlCJLMbe'^nebttigii^^ 

ter  C  ai»4  Afymptote  CA  "^dud*  mcei^  the  Perpe;nd<cu^  jB  ^  <(f  Jld^ 
ercded  ubon  BC,  in  thfe  Pb^n  I^TVf ;  byt  kny  *i«rmediate  Ordinate 
FL,  ere^qd  at  R  ifitixtPomtL,,  Ipet:  it  be  C  D  t?  CC  sfi  y'  ///"X  ^f  » 
VAl^KM,  andlet  ITTTK  J)erp«ndicular  fo -C'(n'*ftteri  let  the"  Scab? 
R CR. ht^pAifiii:^^ the  Are(i  HJPCSi^s&ihei  gyeaHyfjperbolica^  Anea 
yf  iMC M to  the ^ven  Re£langle CAxAM.  Then  the  right  Lmft iR.  C 
•will  meet  Ae  Circle  F  ^in  t^e  Point  ^  which  will  be  ia  the-  Girve  of 
fwMteft  Defcent  £-^.      _..-   _ — -J.  .  .;  '   yy  .--  -    — ^» -;- 

Now  the  P<fint  E  may  be  hadv  fiotni^whence  the  Fall  of  the  Body  fliould 
begins  by JakAog:^  §F^r  ^  C? £  t^t  t|ie  Aj^  of jtbe. Qu«lRine  BCGt 
in  the  fame  Ratio  as  is  the  Flyperbolic  Area  'Ah^M^to^  Rectangle 
€onea)iM4  under  C^andwi^M       :     _.      1_ 

Carol.  Hence  if  the  right  jLiaci:.^  revolving  lliipnt  the  Center  C; 
makes  the  Sedors  R,C  B  proporjtional  to  the  Areas  HD  C  B,  in  which 
•die  Squares  of  the  Bafes  C  X>  wd'^taken-  kiF  Antfathetiod  Progre0i(»  > 
then  the  right  Lines  C /Swill  interfeft  the  Curve  £  ^^  at  Di^ijces 
from  the  Center  €^  which  will  dcx^reafe  in  Ge^me^ad  Progreflion. 

Caf.  2.  Now  if  the  Centripetal  Force  (hould  be  reciprogdly  as  any 
other  Power  of  the  Diilance  fromthe  Center^  let «  -4- 1  be  the  Index  of 
that  Power,  (where  »  may  be  any  Number  Integer  or  Fradion^  affirma- 
tive or  Q^ative)  and  let  if  j=  C  3  be.  the  created  Altitude  of  the  Curve 
required  £ ^A^  h-m.C  Jhc  the leaft  Altitude  ofjthe  fame,  and^v=  CF 
ht  any  other  intermediate  Altitude^ 

In  the  right  Line  C  G  let  there  betaken  CD  t»  C  J  as  V  *■  to  •  /?v 
%  141.  anji  alfo  C  if  to  C  D  as  ^/A'—b'to  1/  H'  —■  b' .  Then  Center  C, 
and  with  the  Semiaxes  CDyCB^  let  the  Ellipfis  BLD^c  deferibed,  whidi 
let  the  Ordinate  H  L  meet  in  L.  And  draw  the  right  Line  L  K,  toadi- 
ing  the  Ellipfis  in  Ly  and  meeting  the  lefTer  Axis  C  D  produced  in  K. 
Thttt  draw  JVAf  parallel  to  the  Tangent  K  L,  touching  the  Circle  B  E 
MG'mMyZnd  meeting  C  D  in  if.  Laftly,  take  the  Seftor  RGB,  wMch 
may  be  to  the  Area  NM  B,LKNy  comprehended  between  ^  Circle  and 
Ellipfis.  and  the  Tangents  of  each  and  the  right  Line  iVX^  in  the  Ratio  of 
the  lumber  2  to  the  Number  a^    Then  Ae  right  Lkie  R  CwUl  interieft 

the 
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fht  Qrcte'-P^iri  the  .Point  ^,  whith  will  be  in  th«  Curve  of  the  qtiitkeft  befcent 

Novr  if  the  StCtor  BCE  be  to  the  Area  BDG,  intercepted  between  the  Qua- 
drants of  the  Ellipfis  and  Circle^  in  the  aforefaid  Ratio  of  2  to  »,  that  is,  the  Pointi 
L,  Dj  as  alfo  M^  G,  coinciding  (becaufc  of  jf':=k  H")  the  Point  E  will  be  that  from 
whence  the  Fall  of  the  Body  fhould  begin  which  defcends  to  J  in  the  (hortefl: 
TiniCj  and  which  by  its  Motion  defcribes  the  Curve  E^^^  which  the  right  Line 
CE  touches  in  £,  and  which  CB  cuts  at  right  Angles  in  ji. 

The  Demonftf ations  of  thefe  Conftrudtions,  which  are  derived  from  the  Quadra- 
ture of  the  celebrated  Newton^  and  from  his  Principles  of  natural  Philofophy, 
{Prop,  39,  ^c.)  Ihall  be  given  on  fome  other  Oecafion.  Now  it  is  a  Problem  of 
another  Kind,  to  defcribe  Curves  through  which  Bodies  would  move  from  the  high- 
eft  Point  £,  which  is  the  Beginning  of  the  Fall,  with  the  fwifteft  Defcent  to  lower 
Points  ^which  are  given,  when  urged  by  any  centripetal  Force  ;  the  Solution  of 
which  Problem  I  have  in  my  Power.  At  prcfent  it  may  fuffice  to  have  given  a  ge- 
neral Idea  of  thefe  Curves,  and  to  ftiew  their  Relation  to  the  Quadratures  of  the 
Circle  and  Hyperbola,  without  which  it  will  hardly  be  very  eafy  to  conftruft  •. 
them  Geometrically. 

IV.  We  muft  lay  down  thefe  three  Principles  as  a  Foundation,  on  which  the  Ue  Laws 
whole  Science  of  Phyficks  is  to  be  built,  i .  That  there  is  a  Vacuum^  or  empty  Space,  ef  Attiac- 
2.  That  Quantity  is^  divifible  in  infinitum.  3.  That  Matter  has  an  attractive  Fordc  :  Vf^^^' 
That  there  is  a  Vacuum  is  evident  from  the  Motion  of  Bodies  :  From  the  Nature  of  ^^^^0 
continued  Quantity,  Geometricians  have  demonftrated  the  infinite  Divifibility  of  n.  3 15.  * 
Matter :  And  Experience  informs  us,  that  Matter  has  an  attradiive  Force.  Now  P-  97- 
from  the  two  firft  Principles  it  follows  :  ... 

J^beor.  I.  That  any  the  fmalleft  Particle  of  Matter  may  fo  occupy  any  Spdte  tho* 
ever  fo  large,  that  the  Diameters  of  all  the  Pores  or  Interftices  (hall  be  lefs 
than  any  given  right  Line,  or  that  all  the  Particles  (hall  be  at  a  Dlftance  from 
one  another,  which  Ihall  be  lefs  than  any  given  Interval. 
^beor.  2.  Two  Bodies  may  be  given  equal  in  Bulk,  but  as  unequal  ^  you  pleafe 
in  Weight  or  Denfity,  (that  is,  in  Quantity  of  Matter)  in  which  the  Aggre- 
gates of  the  Pores  or  Interftices  fhall  be  nearly  equal 
For  Inftance,  let  there  be  a  cubical  Inch  of  Gold,  and  another  of  Air ;  tho*  the 
Matter  in  the  Cube  of  Gold  be  20000  Times  more  than  the  Matter  in  the  Cube  of 
Air ;  yet  it  may  be  fo  ordered,  that  the  empty  Spaces  in.  the  cubick  Inch  of  Gold 
ihJl  be  nearly  equal  to  the  empty  Spaces  in  the  cubick  Inch  of  Air :  That  is,  that- 
Ac  Vacuities  in  the  Gold  Ihall  be  to  the  Vacuities  in  the  Air,  as  9999^9  is  to 
loooooo* 
Tbtor.  3.  The  Particles  which  conftitute  Water,  or  Air,  or  any  other  fuch  Fluid, 
(if  they  touch  one  another)  are  not  abfolutely  foiid,  but  arc  compofed  of 
other  Particles,  containing  many  Pores  and  Interftices  within  themfelves. 
The  leaft  Particles  of  Bodies  being  abfolutely  folid,  that  is  withcnit  any  Vacuum^ 
lay  be  caird  Particles  of  the  firft  Compofition.    Little  Parts  arifmg  from  fevcral 
f  thefe  Particles  growing  together  may  be  caird  Particles  of  the  fecond  Compofi- 
lon.     I.,umps  of  thefe  made  by  feveral  of  thefe  Parts  compounded  together  may 
c  call'd  Particles  of  the  third  Compofition  \  and  fo  on,  till  we  at  laft  arriw  at 
Vol.  IV.  Zz  Particles 
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Farticks,  of  which  the  hft  Compofition  of  Bodies  is  made,  aid  iplfriiUcli  ihf 

are  refolved  again  by  their  firft  Refolution. 

Tha,c  there  is  an  attraftive  Farce  in  Nfatter,  by:-  which  every  Partick  of  Mttr 
atttads  to  itfclf  every  other  Particle  of  Matter^  and  is  mutually  attaraded«  was  iA 
difcQvcrM  by  Sir  Ifaac  Newton  from  obferving  the  Piemnuna,  In  a  ^en  Paitil 
of  Matter  this  Force  is,  at  diflferent  Diftances,  reciprocally  proportional  to  the 
Square  pf  thofe  Diftances.  From  hence  ari(es  that  Force  which  we  call  Gnmt;, 
by  which  all  Terreftrial  Bodies  are  urged  direfUy  towards  the  Earth,  axid  is  tlie 
Weight  of  Bodies  always  proportional  to  the  Quantity  of  their  Matter.  By  cfc 
tending  this  attraftive  Force  of  Matcer,  of  which  he  was  the  firft  Di(covere%  ^ 
has  moft  beautifully  explained  all  tlie  Motions  of  the  Planets,  and  the  AppeanuiOGlk 
of  Comets. 

After  frequently  revolving  in  my  Mind  the  Divine  Difcovmes  of  this  mcA  fr 
gacipus  Man,  I  fell  at  laft  upon  this  Thought,  that  a  certain  Principle  might  b» 
apply'd,  not  unlike  to  this  ot  Newton^ Sy  to  the  Explaining  of  the  Terrcflrial  ?i^ 
nomen^.     After  Experiments  often  repeated,  I  perceived  there  was  a  certain  at- 
tractive Forjce  in  terreftrial  Matter  ;  from  whence  the  Reafon  of  many  Fbemmat 
is  to  be  derived.     And  thefe  Thoughts  of  mine  about  five  Years  ^o  I  opea'd  lok 
Mr.  Newtofiy  and  I  underftood  from  him,  that  he  had  long  ago  obfervcd  the  iame 
Things  that  I  had  found.    Mr.  Newton  propofed  fome  Queries  relating  to  this  at- 
tractive  Force^  at  the  End  of  his  Opticksy  publiihed  in  Latin  about  two  Tears  agx 
Now  a$  it  cannot  be  expected  that  that  great  Man  fhould  proceed  ftili  to  impreiv 
thefe  Studies,  both  by  reafon  of  his  Age  and  other  Bufineis  ^  F  thought  it  woiM 
not  be  amifs  if  I  fhould  purfue  his  Steps  herein,  tho*  at  a  geeat  Diftance  from  Ihsl 
At  prefent  I  Ihali  barely,  propofe  fome  Thsarems^  which  I  may  hqreafter  fartiio'  cb- 
large  upon^  and  give  their  Denionftrations  in  a  juft  Volume. 
Tieor.  4.  Befides  that  attractive  Force,  by  which  the  Bodies  of  the  Planecs  mi 
Comets  are  retained  in  their  proper  Orbits,  there  is  alfo  another  Power  ui  Mat- 
ter, by  which  the  feveral  Particles  of  which  they  are  compofed  attract  one  ano- 
ther, and  are  mutually  attracted.    Which  Power  decreafes  in- a  greater  than  a 
duplicate  Ratio  of  the  increafing  Diftance. 
This  Tbevrem  may  be  prxxved  by  a  Multitude  of  Experiments.    But  the  Ratio  in 
which  this  Power  is  diminifti^d,  when  the  Particles  recede  from  one  another,  whe- 
ther  it  be  a  triplicate,,  quadruplicate,  or  any  odier  Ratio  of  the  increafing  Diftances,, 
which  is.  greater  than  the  Duplicate,,  cannot  (o  well  be  known  by  Experiment.  Td* 
perhajps  a  Time  will  come,  when  by  a  more  accurate  and  diligent  Enquiry  it  mq^ 
be  dilcover*d. 
Tbeor.  5.  If  a  Body  coniifts  of  Particles,  each  of  which  is  endued  wkh  an  at4 
tra6tive  Force  decreafing  in  a  triplicate,  or  more  than  a  triplicate  Ratio  of  die? 
Diftances  ;  the  Force  by  which  a  Corpufclc  is  urged  by  that  Body,,  in  Contaft^ 
itfelf,  or  at  an  infinitely  fqiall  Diftance  from  Contaft,  will  be  infinitely  greatff,. 
than  if  that  Corpufcle  were  placed  at  a  given  Diftance  from  the  fame  Body, 
See  Prop.  80,  and  91,.  of  Newton^s  Principles. 
Tbeor.  6.  The  fame  Thbgs  beii^  fuppofed,  if  that  attraftive  Force  at-  an  aP' 
fignable  Diftance  has  a  finite  Ratio  to  Gravity,  the  fame  will  be  infinitely 
greater  than  the  Foixe  of  Gravity  in  Contad^  or  at  an  infinit)ely  fmall  Dif- 
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nOf.  7.  But  if  iaContaft  the  attradtive  Foite  of  the  Bbdies  has  a  finite  Ratio  to 
Gnnritjr,  die  fame  at  erefy  al&ghiftbte  Diftance  is  infinitely  lel^  than  the  Force 
of  Gnnrity,  and  will  therefore  vaniih. 
Tbior.  8.  The  attradive  Force  wherdwith  all  the  Particles  of  Matter  are  endued 
in  Conta^  dcceeds  the  Foi-cc  of  Gravity  aimoft  immenfely  •,  yet  is  not  in- 
finitely greater  than  the  Force  of  Gravity ;  therefore  in  a  given  Diftance  that 
Force  will  v^ifh. 
Therefore  this  Force  being  fuperadded  to  Matter,  is  only  difFufed  thro*  Spaces 
tbat  are  vaftly  Uttle.    At  gf eater  Diftances  it  is  nothing  at  all.    Therefore  the  Mo- 
tions' of  the  Heavenly  Bodies,  which  are  feparated  from  one  another  at  very  great 
Diftance$,  will  not  at  all  be  difturbed  by  this  attra^ve  Force,  but  will  continu- 
ally perform,  thdf  CoUffes  in  the  lame  Maimer,  as  if  Bodies  had  no  fuch  Force. 
Tbe^,  9.  If  any  Corpufcle  touch  sL  Body,  the  Force  by  which  that  Corpufcle  will 
be  urged,  diat  is,  th€  Force  by  which  it  adheres  to  the  Body,  will  be  propor- 
tional to  the  Quantity  of  Contaft.    For  the  Parts  that  are  any  Thing  remote 
from  the-Conta£t  will  contribute  nothing  to  the  Coherence. 
Therefore  various  Dejgrees  of  Coherence  will  arife  according  to  the  various  Con- 
taft  of  the  Particles.    But  thofe  Forcei  of  Coherence  will  be  greateft  of  all,  when 
the  Siipejrficies  are  plan  by  which  the  Bodies  touch  otie  another.    In  which  Cafe, 
when  other  Things  are  alikt^  the  Foifce  by  which  a  Corpufcle  coheres  with  others, 
wiU  be  as  the  Paifts  of  the  Superficies  that  touch  one  another. 

Hence  aj»pear^  the  KeaCfon^  why  two  Marble-ftones  that  are  ej&ftfy  poliflied,  and 
touching  0ne  mother  ^cordi^g  to  plain  Superficies,  cannot  be  pulled  diredly  from 
each  other,  unlefs  by  a  Weight  that  much  exceeds  the  Gravity  of  the  incumbent  Air. 
(fence  may  be  derived  a  Solution  of  that  matt  celebrated  Profelem,  concerning 
the  Cohefion  of  Mastef . 
Tbe^.  10.  Thofe  Coi^fcles  are  moft  eafify  feparated  from  one  another,  the  Con- 
ta£b  of  which  with  odiers  are  the  feweft  and  the  leafl.    Such  are  the  Contadb 
of  Globular  Corpufcles  that  are  of  an  infinitely  litflc  Magnitude. 
Hasce  k  given  the  Rekfon  of  Fluidity. 

SHtor.  1 1.  The  Force  by  which  any  Corpufcle  is  attra6ted  to  another  Body  which 

is  very  near  it^  does  not  change  its  Quantity^  whether  the  Matter  of  the  at- 

tm£ttng  Bckly-  is  iAfc^eafed'  or'  diminifhcd^  the  Denfity  of  the  Bcldy  remaining 

the  faAie,  attd-  alfd  the  Diftance  of  the  Gorbufcle. 

For  fince  the  attt^aflattg  Forces  of  the  Particles  are  diffiifed  only  through  very  p. 

finall  Spaices ;  it  i^  plain  that  the  remoter  Parts  at  d  2>,  and  j£,  tontribute  nothing 

to  the  Attraftion  or  the  Corpufcle  yf .    Therefore  the  Corpufcle  will  be  attrafted 

towards  B  with  the  fame  Force,  i*^liether  thcfe  Parts  are  prefent  or  not,  or  others 

are  annexed  to  them. 

Tbecr.  12.  If  the  Texture  of  any  Body  be  fuch,  that  Particles  of  th^  laft  Corripo- 

fldoR  are  a  little  renwved  fVohi  their  original  Contaft  by  any  external  Force, 

filch  ii  a  W-cigfe  cotnpreBing  Aena,  or  a  Blow  pfocee^ding  from  another  Body, 

nor  do  thw  pafs  into  new  Contafts  -,  the  Particles  mutually  approaching'  by 

.    Ae'  Mki6a¥t^ Force  ^  fdOii  rdtiirh  to  their  origihalGontaffs.     But!  the  fahie 

Contafts  and  Pofitions  returning  of  the  Particles  that  compofe  any  Body,  the 

fame  Figure  alfiS'of^tht^Body'wilhreturri ;  and 'therefore  by  the  attra(ftive  Force 

Btfdleci-inay^i^gftiif  re(ioV^  theii^  former  Figures  which  they  have  loft: 

Z  z  2  Hence 
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Hence  a^Reafon  may  be  given  for  Elafticity.  For  whereas  Bodiesrjmpiitt^ 
againft  each  other,  by  their  elaftic  Force  mutually  rebound  from  one  another;  fiw 
the  attraftive  Force  of  Bodies,  (as  is  demonflxatal  in  my  Phyfical  Ledurcs)  a  Rfr 
filition  from  one  another  ought  thence  to  arife. 

S'beor.  13.  Now  if  the  Texture  of  a  Body  be  fuch,  that  the  Particles  being  «•! 
moved  from  their  former  Contads  by  an  impreffed  Force  immediately  ipmcj 
into  others  which  are  of  the  fame  Degree,  that  Body  will  not  reftore  itfclf  to ; 
its  former  Figure. 
Hence  it  may  be  underftood,  of  what  Texture  foft  Bodies  fhould  be,  or  in  iduti 
the  Spftnefs  of  Bodies  confifts.  ' 

fbeor,  14.  The  Particles  of  Matter  may  be  endued  with  different    attrafiife  1 
Forces,  according  to  their  different  Strufture  and  Compofition  ;  the  Attrac^j 
tion  for  Inftance  will  not  be  fo  ftrong  when  a  Particle  of  a  given  Magnitude  is 
perforated  with  feveral  Pores  and  PafTagcs,  as  If  it  were  entirely  fblid  and 
without  any  Vacuity. 
Theor.  15.  The  attraftive  Forces  of  perfeftly  folid  Particles  very  much  depend 

upon  their  Figures. 
For  if  any  fmall  Particle  of  Matter  were  formM  into  a  circular  Plate  of  an  in- 
definitely fmall  Thicknefs,  and  a  Corpufcle  were  placed  in  tbe  right  Line  pafling 
through  the  Center,  and  were  put  at  a  Plain  of  a  perpendicular  Circle,  and  the 
Diftance  of  the  Corpufcle  was  equal  to  to  a  tenth  Part  oi  the  Semidiameter  of  the 
Circle  \  the  Force  by  which  the  Corpufcle  is  urged  will  be  thirty  Times  leis  than 
if  the  attrafting  Matter  fhould  put  on  the  Form  of  a  Sphere,,  and  the  Virtue  of 
the  whole  Particle  were  diflufed  as  it  were  from  one  Phyfical  Point.    Alio  the  lame 
circular  Plate  would  attraft  a  Corpufcle  more  ftrongly  to  itfdf  than  another  Par- 
ticle of  the  fame  Weight,  which  fhould  be  formed  into  a  thin  and  long  Cylinder. 
^etfT.  16.  Salts  are  Bodies  whofe  Particles  of  the  laft  Compofition  are  endued 
with  a  great  attraftive  Force,  among  which  Particles  however  many  Vacuities 
are  interfperfed,  which  are  pervious  to  the  Particles  of  Water  of  the  Jail  Com- 
pofition :  Which  therefore  being  ftrongly   attraded  by.  the  (aline  Parcides, 
rufh  upon  them  with  Violence,  and  disjoin  them  from  their  mutual  Conoid, 
and  difiblve  the  Coherence  of  the  Salts, 
n^eor.  17.   If  two  Corpufcles  mutually  approach  to  each  other,  with  attradive 
Forces  decreafing;  in  a  triplicate  or  more  than  triplicate  Ratio  of  their  Dif- 
tances  ;  their  Velocity  when  they  impinge  upon  one  another  will  be  infinttdj 
greater  than  when  they  are  at  a  given  Diftance  from  one  another.     See  Newt 
Prin.  Pr.  30. 
tbeor.  18.  The  Magnitude  of  a  Body  which  is  heavier  than  Water  may  be  & 
far  diminifh'd,  that  at  laft  it  may  float  fufpended  in  the  Water^  and  not  <k*  i 
fcend  by  vertue  of  its  Gravity. 
Hence  appears  the  Reafon,  why  the  Particles  of  Salt,  Metal,  and  others  of 
the  like  Kind,  being  reduced  to  the  fmalleft  Prides,  hang  as  it  were  fufpended 
in  their  proper  Menjlrua. 
Tbeor.  19.  Greater  Bodies  approach  to  one  another  with  lefs  Velocity  than  leflcr 
Bodies. 
^«-  H3>      For  the  Force  by  which  the  Bodies  j1  and  B  approach  to.  one  another^  belongs 
only  to  the  Particles  that  are  neareft  ^  for  the  more  ^ifcinQte  have  ao  Fpi:ce  at  all. 

Therefore 
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Thereforeillfereater  Force  is  not  applied  to  the  moving  of  the  Bodies  J  and  5, 
than  to  the  moving  of  the  Particles  c  and  d.  But  the  Velocities  of  Bodies  that  are 
moved  with  the  fame  Force,  are  reciprocally  proportional  to  thofe  Bodies.  Whence 
the  Velocity  with  which  the  Body  A  tends  towards  J?,  will  be  to  the  Velocity  with 
which  the  Particle  r,  not  connefted  with  the  Body,  would  tend  towards  the  fame  By 
as  the  Particle  c  to  the  Body  J.  Therefore  the  Velocity  of  the  Body  J  is  much. 
Ids  than  the  Velocity  of  the  Particle  c  would  be,  if  at  Liberty  from  the  Bocfy. 

Hence  it  comes  to  pafs,  that  the  Motion  of  the  greater  bodies  is  fo  flow  and 
languid  of  its  own  Nature,  that  it  is  commonly  hindered  by  an  ambient  Fluid,  and 
other  Bodies  that  are  round  about  it.  But  in  the  fmaller  Corpufcles  the  Virtue  is 
vigorous,  and  very  many  Effc6b  are  produced  by  them.  So  much  is  the  Energy 
greater  in  the  fmaller  Bodies,  than  in  the,  greater. 

Hence  appears  the  Reafon  of  that  Chemical  Axiom,  that  Salts  do  not  aft  but 
when  in  Solution. 
Tbear.  20*  Two  Corpufcles  not  touching  one  another  may  be  placed  fo  near,  that 
the  Force  by  which  they  afFe<5t  one  another,may  much  exceed  the  Force  of  Gravity.. 
^eor.  21.  If  a  Corpufcle  placed  in  a  Fluid  is  equally  attrafted  on  all  Sides  by  the 
furrounding  Particles,  no  Motion  will  thence  arife  to  the  Corpufcle.     But  if 
it  be  urged  more  by  fome  Particles,  and  lefs  by  others,  the  Corpufcle  will  tend 
that  Way  where  the  greateft  Attraftion  is.     And  the  Motion  produced  will 
anfwer  the  Inequality  of  Attraftion,  or  in  a  greater  Inequality  the  Motion  will 
be  greater,  but  lefs  in  a  lefler  Inequality. 
Tbeor,  22.  Corpufcles  floating  in  a  Fluid,  and  attrading  one  another  more  than. 
.  the  intermediate  Particles  of  the  Fluid ;  having  di^elM  the  Particles  of  the 
Fluid  they  will  approach  to  one  another  with  that  Force,  by  which  their  mu- 
tual Attraftion  exceeds,  the  Attraftion  of  the  Particles  of  the  Fluid. 
Tbear.  23.  If  any  Body  is  placed  in  a  Fluid,  whofe  Parts  more  attract  the  Particles. 
of  the  Fluid,  than  the  Particles  of  the  Fluid  are  attrafted  by  one  another ;  and 
if  in  die  Body  there  are  many  Paflages  and  Pores  that  are  pervious  to  the  Par- 
ticles of  the  Fhiid  ;  that  Fluid  will  foon  diffufe  itfelf  thro'  thefe  Interfticcs., 
And  if  the  Connexion  of  the  Parts  of  the  Body  is  not  fo  firm,  but  that  it  may 
be  overcome  by  the  Violence  of  the  rufliing  Particles,,  a  Diffolution  of  the 
immerged  Body  will  thence  arife. 
Hence  three  Things  are  required,  that  a  Menjiruum  may  be  fft  for  diflblving  a 
given  Body.     i.  That  the  Parts  of  the  Body  may  more  attraft  the  Particles  of  the 
Menftruumj  than  they  are  attrafted  by  one  another.     2.  That  the  Body  may  have 
Pores  and  Interftices  opeiv  and  pervious  to  the  Menjiruum.     3.  That  the  Coherence 
of  the  Particles  conftiituting  the  Body  may  not  be  fa  great,  but  tliat  it  may  be  over- 
come by  the  Violence  of  the  rufliing  Particles  of  the  Menjiruum,     Hence  it  is  alfo 
plain^  that  the  conftituent  Particles  of  Spirit  of  Wine  are  -more  attrafted  by  one 
another,  than  bv  the  Particles  of  a  faline  Body  immerfed  in  Spirit  of  Wine; 
Tbi0r.2^.  Ir  the  Corpufcles  floating  in  a  Fluid,  and  attrafting  one  another,,  are 
£.la(lic,  after  Congrefs  they  will  rebound  from  one  another.     And  then  other 
Corpufcles  impinging  again,  will  be  again  reflefted.     From  whence  there  will 
bcr.ianumerabieConflifts  with  other  Corpufcles,  and  continual  Reboundings. 
But  by  the  attraftive  Force  the  Velocity  of  the  Corpufcles  will  continually  in- 
crwfc,  and  tbciinteftine Motion,  of  the  Parts-  will  he  apparent  even  to  Scnfe. 

No.w 
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Now  as  the  Corpuicles  may  attrad  one  another  ekher  more  Aroi^  of 
weakly,  according  to  the  diflPerent  Elafticity  they  arc  endued  with;  thdc 
tions  will  be  various,  and  will  become  fenfible  in  diflferent  Degrees  and  at 
fcrent  Times* 
^bc6r.  25.  If  Corpufcles  that  attraft  touch  one  another,  no  Motion  will  arife 
they  cannot  come  nearer  than  Contaft.    If  they  are  feparated  from  one  ao 
at  a  very  fmall  Diftance,  a  Motion  will  arife.    But  if  they  arc  farther  fiwn 
another,  they  will  not  attraft  one  another  with  a  greater  Fcnrce  than  the  ' 
mediate  Particles  of  the  Fluid,  and  fo  no  Motion  will  be  produced. 
On  thefe  Principles  depend  all  the  Phenomena  of  Fermentation  and  El 
Hence  the  Reafon  appears,  why  Oyl  of  Vitriol  ferments  and  bubbles,  by  thelnfe 
fion  of  a  little  Water.     For  the  faline  Corpufcles  are  f0met;hing  ronoved  from  jdi 
t^  Contaft  by  the  AfFufion  of  the  Water  \  and  as  they  attract  one  another  roA 
forcibly  than  the  Particles  of  Water,  and  as  they  are  riot  equally  attnded  oa  t 
Sides,  a  Motion  mull  thence  ncceffarily  arife, 

Hence  alfo  the  Reafon  appears,  why  fo  great  an  Ebullition  i$  (tfod\iCed>  when  F 
lings  of  Steel  are  fuperadded  to  the'forelaid  Mixture.    For  the  Particles  of  Sto 
are  endued  with  a  great  Elalticity,  whence  a  ftrong  Reflexion  arifes.     And  henc 
we  may  fee,  why  certain  Mni/irua  aft  with  a  greater  Forc^  and  diflblve  any  Bod 
fooner,  if  they  are  fomething  diluted  with  Water. 
^beor.  26.  If  Corpufcles  that  attraft  on^  another  are  without  any  Elaftic  Foici 
they  will  not  rebound  from  one  another,  but  will  compofe  JUan^  or  Coo 
geries  of  their  Particles.    Hence  a  Coagultm,  or  Cusdliog  is  pixxluced.    An 
if  the  Gravity  of  the  accumulated  Particles  exceeds  the  Gfistrity  of  t))e  Fhiad^ 
Precipitation  or  Subfiding  will  fueceed.     Alfo  a  Precipitatioa  may  anie  firai 
the  Gravity  of  the  Menftruum  being  either  increased  or  diminifli^df  in  which  di 
Corpufcles  floated. 
tbeor.  27.  If  the  Figures  of  the  attrading  Corpufcles^and  thus  floatiiig  in  a  Fliw 
be  fuch,  as  that  in  fome  of  their  given  Parts  they^are  endued  with  a  greater  ^- 
tractive  Force  than  in  others,  and  alfo  a  greater  Contaft  \t  in  the  ftme,  tbofe^ 
Corpufcles  will  go  together  into  Bodies  having  w^ytn  Figur^^  whence  Chry- 
ftallizations  will  oe  produced.  And  the  Figures  ofthe  compounding  Corpdcks^ 
may  be  determin*d  by  Geometry,  from  the  Figure  ofthe  Chryftal  bong  given.  1 
V^heor,  28.  If  the  Corpufcles  are  more  attraded  by  the  Particles  of  the  Fluid  dtfttj 
by  one  another  *,  they  will  be  made  to  recede  as  if  they  fled  from  one  zxxfiofS^ 
and  they  will  foon  be  diffufed  through  all  the  Fluid.  J 

^beor.  20.  If  any  Corpufcle  intervenes  between  two  Particles  of  a  Fluids  the 
oppoute  Faces  of  which  are  endued  with  very  great  attradtive  Forces  s  tfaisii 
tcrvening  Corpufcle  will  conjoin  the  Particles  of  the  Fluid  to  one  another ;  " 
many  Corpufcles  of  this  Kind  difperfed  through  the  Fluid  will  fix  all  the 
tides  into  a  firm  Body,  or  will  reduce  the  Fluid  into  folid  Ice. 
J'heor.  30.  If  any  Body  fhould  emit  a  very  great  Plenty  oiEffinvU^  the  attzaffivc 
Forces  of  which  are  very  ftrong  -,  when  thefe  J^fiu'Oia  approach  to  any  ligfatBo* 
dy,  their  attradiveVirtues  will  at  laft  overcome  the  Gravity  of  the  lighter  Bbdy ; 
and  the  Effluvia  will  attradl  that  Body  upwards  to  themfelves  ;  and  as^tlieJ^- 
fiuvia  are  much  more  denfe  in  lefler  Diftances  fi'om  the  emitting  Body  than  in 
greater,  the  light  Body  will  always  be  urg^  to^acds  tfaeckiirar^^^hffM^  tiQ 

It 


J 
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at  l«&k  adints  to  the  Body,  itfelf  that  emits  the  J^fidM.    Hence  many  of 
the  Piemmena  of  Elei^ricity.  may  be  enplamed. 

Ptrhaps  it  may  be  objcfltcd  agaanft  this  Doftrinc  of  otirs  concerning  attraftirc 
Forces,  that  if  this  Power  of  Attraftion  was  in  all  Matter  of  every  Kind,  the  more 
ponderous  Bodies  haying  more  Matter  within  a  given  Space  ought  to  ~at^^  moft, 
or  more  than  lighter  Bodies,  which  is  contrary  to  Experience*  But  this  Objedion 
may  eafily  be  anfwcrMi  For  Particks  of  thclaft  Compofition,  (to  which  only  the 
attraffive  Vutue  is  imputed)  being  placed  very  thick  near  one  another,  may  make 
a.  Body  ponderoiiSy  tfao*  they  may  be  more  rare  among  them&lves  than  thde  Par- 
tides,  which  conftitute  a  light  Body  of  the  laft  Compofition,  being  more  remote 
from  one  another,  and  having  more  and  wider  Vacancies. 

There  are  many  other  Phenomena  of  Nature,  whielv  feem  to  me  capable  of  beinj^ 
explain'd  from  the  fame  Pranciples  ^  as  the  Afcent  of  the  Si^  in  Plants  and  Trees,: 
the  conftaqt  and  determinate  Figures  of  Leaves  and  Flowers,  and  their  (becifick 
Virtues,  ©V.  And  many  Things  alfo,  which  daily  occur  in  the  Animal  Body,  dpe- 
dally  which  have  a  Relation  to  the  Motion  of  the  Fluids  and  the  Secretions,  and  de- 
pend on  the  fame  Ffoperties  of  Matter ;  and  hence  the  Theories  of  Difeafes  and^ 
the  Effifis  of  Medicines  may  be  eafily  derived. 

V;  The  learned  Dn  Halley  communicated  a  l^heorem  to  me,  by  which  the  Law  ofTh  Law* 
the  Centripetal  FcMce  may  be  exhibited  in  finite  Quantities,  which  was  (hew'd  him*^^^^«- 
by  M.  deMohrey  who  faid  that  Sir  Ifaac  Newton  had  before  found  a  Theorem  which  p^^^^ 
was  like  this.  l^Xm  as  the  Demonftration  of  this  Theorem  is  very  eafy,  I  had  a  Mind  Z)r!joh^ 
ta^ommumcate  it  tothe  Publick,  with  fome  other  Thoughts  on  the  fame  Subjefts.     JKebl, 

Theoponu  ^aBoiifnuwes  in  any  Curve  by  Means  of  a  Cemripetal  Force  tending  f&i^-  5^7- 
Mf  Ceneer  •,  in  every  Point  of  the  Curve  that  Force  mil  be  in  a  Ratio  compounded  of  the  ^' '  '^^' 
OreS  Ratio  oftheDiftance  of  the  Body  from  the  Center  of  Forccrand  the  reciprocal  Ra* 
tie  of  the  Cube  of  a  Perpendicular  let  fall  from  the  Center  upon  the  right  Line  touching  the 
Curve  in  the  fame  PoiH^  drawn  into  the  Radius  cf  Curvature  belonging  tp  the  fame  Point. ^ 

Demofffiration.  Let  QjA*0  be  any  Curve,  which  is  defcribcd  by  the  Motion  of  a'«-  HJ- 
Body,  ittfrafted  by  a  Centripetal  Force  tending  to  the  Point  S.     And  let  AO  be  an 
Arch  which  is  defcribed  in  any  the  leaft  Time,  P»  its  Tangent,  AR  the  Radius  of 
a  Circle  of  equal  Curvature,  that  is,  the  leaft  Part  of  whofe  Periphery  coincides  with' 
the  A«ch  AOV     And  let  SP  bra  rijght  Line  falling  perpendicularly  from*  tlie' 
Point  S'UpoB  the  Tangent.    Draw  0»  andOw  parallel  to  SA  arid  S P.-    Aix^' 
he  Om  denote  die  Force  by  which  the  Body  in  A  is  urged  towards  S;     The 
Force  by  ^ich' Bbdy  recedes  perpendicularly  from- the  Tangent- will  be  as' 0«; 
that  is,  the  Force  tending  towards  R,  and  caufing  the  Body,  moving  with  the    ' 
fime  Velocity  as  before^  to  dcfcribe  a  C  :!2  equicurved  to  the  Arch-  AO,  wllfc- 
be  to  the  Force  tending  towards  S,  by  which  the  Body  moves  in  the  Curve  AO,  as 
On  to  Omj  or  becaufe  of  equiang}ed  Triangles,  as  S  Pto  SA.    Biit  the  Centripetal^ ,      . 
Fbrces  of  Bodies  moving  in  Circles  are  as  thfe  Squares  of  the  Velocities  applied  to  the  1 
RsKlii,.  byCoik  of  Theor.  4.  of  Newton^s  Principles:     But*  the  VelocTt^.  is  recipro^^. 

catty  aa-  SPV  of  (Ucc&ly  as  -^  and  thcxefose  the  Square  of  the  Telocky.Lwill4)e  as-^ 

.  ,i,    .  Theitfote  the  Force  at  0»,  or  thdFbrcc  with  which  the  Body  could  *mbve^" 

,  ini 
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in  an  cquicurvcd  Circle,  will  be  as  --^ — ^.   ^  .    Now  it  has  bescn  fhcvn>  tiut  k 

is  SP  to  S  A,  fo  is  the  Force  tending  towards  R,  by  which  the  Body  may  moveij 
•  an  equicurved  Circle,  to  the  Force  tending  towards  S.     But  the  Force  tending  ©• 

wards  R  is  as   ---_-JL__,   and  therefore   fince  it  is  SP.SA:: 


SP^xAR'  '        ■'  Spy  xAR' 

^ — — — ^,  the  Force  tending  toward  S,  will  be  as  — — ^.     ^  E.  D. 

Piff.  u6.      CoroL  If  the  Curve  QAO  is  aCirclc^  the  Centripetal  Force  tending  towards S 

S  A 

will  be  as  >— -.     Arid  therefore  if  the  Centripetal  Force  tends  towards  S  aP(»nc 

O  XT  f 

fituate  in  the  Circumference,  it  will  be  (by  32  of  the  Third)  Ai%.  P  AS  =  AQS; 
and  therefore  becaufe  of  fimilar  Triangles  ASP,  AS Q^,  it  will  be  AQ  .  AS:: 

AS  ,  SP,  whence  SP  =  ^.  and  SP  .  =  ^^  whence  |^=  ^Vc^^' 

AQ  AQf  SPr  AScc 

SI  _:^,  that  is,  becaufe  of  AQ  being  given,  the  Force  will  be  reciprocally  as  ASjc. 
*  ASqc 
Fig.  147.  Let  DAB  be  an  Elliplis,  whofe  Axis  is  DB,  and  Foci  F  and  S,  AR,  OR,  two 
Perpendiculars  to  the  Curve  very  near  each  other.  Draw  KL,  OT,  perpendicular 
to  SA,  and  KM  perpendicular  to  OR.  Becaufe  *ti9-SA.SK  ::  FA  +  SA. 
FS,  (by  Prop.  3.  El  6.)  that  is,  in  a  given  Rano,  the  Fluxions  of  SA,  SK, 
that  is,  AT,  K*,  will  be  proportional  to  SA,  SK.  And  it  is  (by  Propi- 
fttion  6.  of  Part  4,  of  Mlm's  Conic  Seftions)  A  L  =  4  the  Latus  Rcdhim 
=  4.  L.  Moreover  becaufe  of  KA  parallel  to  SP,  'tis  Ang.  ASP  =  KALs 
TO  A,  becaufe  the  Angle  TAO  is  the  Complement  of  each  to  a  right  Angl&> 

Wherefore  K  A  .  AL  : :  S  A  .  SP,  whence  SP  =  ll  ^  I4>  and  KA  =  ^""A^. 

2      KA  2  S  r 

Again,  becaufe  of  equiangled  Triangles  KM  k,  GPS,  and  OTA,  SPA. 

It  isKM  .  K*  :  :  GP  .  GS  ::  AP  .  SK, 

Alfo  K  *  .  AT::  SK  .  SA, 

Alfo  AT  •  AO::  AP  .  SA, 

ItwiUbeKM.AO::  APy  .  SA?  :  :  SA j  — SPj.SAj  :  :  SAq—Ll^^ 

4>  AK  J  * 
SAj::4AKj— .Lj.4AKy.    Whence  Lj  .  4  AKj  : :  (AO— KM.AO:;) 

AK.ARi  and  therefore  AR  =  i^^.    AndbythefanaeWayofReafoainginthe 

Hyperbola,  the  Radius  of  Curvature  will  be  found  iMi  =il^4^. 
"^  L.q  iSFc 

Fie.  148.      ^o' '"  ^^  Parabola  the  Calculation  will  be  eafier.     For  becaufe  of  the  Subnorool 

bong  given,  *tis  always  K  *  =  A  T  equal  to  the  Fluxion  of  the  Axis  :  and  thfe 

Triangles  K*M,  ATO,  SPA,  ALK,  are  equiangular,  whence  KM .  K*::  AP. 

SA-,  alf6itisAT(K*).  A0::AP.S  A,  whence  KM.AO  ::AP  J.  SAj;: 

SAj— SPj.SAy,  whence  it  wUl  be  SPj.SAj  ::  AO— KM.  AO*.: 

K A .  AR,  and  therefore  A  R  s  l.AgxAK    ^^^  aL  =  4:  the  Latus  Reaum 
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-iL,  «ndAK.AL::SA.SP;  whiaeforek^rUibeJlxA^ 

%      AK 

-:  SP,  andSPf  =  !li2^Ml.  -  Therefore  it  is  A  R  =  iA5i:,or 
4  A  K^  L  f 

becaufeitisAKall?^,  it wiUbe  AR  =^^/^f , 
2SP  aSP^ 

And  hence  arifes  a  mod  eafy  Conilruftion,  for  determining  the  RaditM 
of  Curvature  in  any  Conic  Sedtion.  For  let  A  K  be  perpendicular  to  the 
Seftion  meeting  the  Axis  in  K  5  ffoift  K  upon  A  K  let  the  Perpendicular  pj^ 
H  Kbe  eredcd,  meeting  A  S  produced  in  H.  From  H  let  H  R  be  ^'  ^' 
ereOed  perpendicular  upon  A  H»  and  A  R  will  be  the  Radiu»  of  Cunra- 
ture.  Li  the  Parabola,  the  Conftrudion  becomes  ftiU  fomething  more 
fimple.  For  becaufe  by  the  Nature  of  the  Parabola  'tis  S  A  sz  S  K,  and 
Che  Angle  AX  H:is  a  right  one,  S  wiU  bfe  &e  Center  of  a  Circle  pailing 
through  A  K  H.  Whence  the  Radius  of  Curvature  is  found'by  produ- 
cing S A  to.H,  Chat  S  H  s  S  A4  and^  H  ereding  the.  Perpep^ieular 
HR.  Then  Rwill  be  the  Center  of  the  Circle  that  Coincides  moft  inti- 
mately with  the  Par3dx>la  io  A. 

The  Centripetal  Force  tending  to  the  Focus  of  the  Conic  Sedion,  in 
which  the  Boay  moves,  is  redpt^cally  propordonal  to  the  Square  of  the 

Diftance.    For  becauf?  AR  e=  ^  ^^  ' it  wiU  be  .  ..f  ^^  .      =  . 

2  S  Pr  SPrx  AR 

^ft-^'t^'t^^^^x     \  .    ^    That2S,becaofe^f^  teing   givdi, 
SPtxLxSAc     LxSAj  L  ^    ^       * 

the  Centripetal  Force  will  be  as  ^  ,      •  . 

^  &Ay       ..  ^  . 

Let  B  A  D  be  an  EUipfis,  which  the  right  Line  G  E  touches  in  A. .  Fig.  i}o* 

And  let  S  P  paffing  through  the  Center  of  the  EllipfA,  and  K  A  paffing 

through  the  Point  of  Contaft,  be  both  perpendicular  to  the  Tangent. 

S  P  X  K  A  will  be  equal  to  a  fourth  Part  of  the  Figure  of  the  A»s,  or  it 

willbeequaltotheSkiuareoftheleflbrSemiaxiS)  c=BOxD£.  Forbe- 

caufe  of  equiangular  TrianglesGBO,GLA,GAK,  GPS,  and  GDE, 

sp.SG::  BO. GO. 

SG.DG::  BG.LG::GO.GA. 

DG.DE::  GA.AK. 

WhcnceSP.DE::BO.AK,andSPxAKarDE)cBOsr4LxSB. 
Hence  if  a  Body  moves  in  an  EUipfis  with  a  Centripetal  Force  tending 
to  the  Center  of  the  EMipfisy  ti^  Force  will  be  dire6Uy  as  the  Diftance. 

Foritis  ^^^^^^^^^.atpagiven Quantity, becaufe  SPjc  AK  is  a  gi- 

S  A 
ven  Quantity.  Theiicfitee  a  Force  as  g^^:-— -will  be  as  theDiftancc  S  A . 

In  Fig.  147.  from  the  other  Focus  F  letting  fall  a  Perpendicular  F I    pig.  ,47. 
upon  the  Tangent  -,  becaufe  of  fimily  Triangi^S  AP,  F  AI,  it  will  be 
Vol.  IV.  Aaa  SA 


3^  7^  hawi  of  the  C^ntil^et^  jgpti^: 


SA.5P;:FA.FJ:=i^'5^..  .Wl)Ree.itwUtb<rSPxFI  = 

SPgxFA 
S  A" 

greater  Axis  be  tail'd  h,  and  the  leffcr  2  </,*  k\iiU  be  S  P  j  =  ^/  ^  f  ^, 

^  —  S  A 

andSP='^'^*^SA 


4~-^equaltotheSq^9rcQftheleff«rSenBaxis,    Whence  if  the 


But  in  the  Hyperbola  it  is  S  P  =r .  

*^*  +  SA 
In  the  Parabola  it  is  S  P  =  •  i  x  S  A,  fuppofing  its  Latus  redum  4  i. 
Becaufe  itisTAj.TOjirAPy.SPy;:  SAy— SP  j  .  SP5 :: 

^^^   Ji:sA •  ^usA ••  ^^-^-=SA •  jn^ '•  *  s^-^A? 

—  <i  i.  <///,  it  will  be  •'JSA  — SAj— </i.  </::  T  A .  T  O.  And 

'      ^»;^;-  nr  A -.Q-A    ;>  »ni  be  TO  -  iS  A 

y*S  A  — SAj  — <i</ 
Now  let  Q  A  O  be  any  Curve,  one  of  whpfe  leaft  Arches  is  A  O,  diC 
Tangents  in  the  Points  A  and  O  are  A  P  and  O^,  the  Radius  of  Curva- 
ture A  R,  and  Perpendiculars  upon  the  Tangents  are  S  P  and  S^.    It 

will  be  iA?X:^  =  A  R.    For  becaufe  of  fimUar  Triangles  it  b/P. 
/P 

AO::PA.RA.    AndAO.TA::SA.PAi  whence  ex  ^0 

it  wUl  be/P:  T  AorSA  ::  S  A .  R  A.    But  it  is/P  =  S*P  j  whcrc- 

'^'  *''*  fore  it  wiU  be  R  A  =  lAzlA. 

SP        • 

Hence  if  the  DiftanceS  A  be  drawn  into  its  Fluxion,  4nd  divided  by 

the  Fluxion  of  the  Perpendicular,  we  fhall  have  the  Radius  of  Curvature. 

,  By  which  Theorem  the  Curvature  is  eaOly  determined  in  Radial  Curves 

or  Spirals.    For  Example.    Let  A  Q^be  the  Nautical  Spiral  v  becaufe 

the  Angle  S  A  P  is  given,  alfo  the  Ratiq  of  S  A  to  S  P  will  be  gi^n. 

Let  that  Ratio  be  a  to  *.    Then  it  wUl  te  S  P  =  i§.^,and  S  P=i^, 

.a  a 

and  A  R  =  ^^^^^  ^llA,    Wbeftce-  it  plainly  appears,  that  the 

SP  ^  ' 

Evolute  of  the  Nautical  Spiral  is  the  fame  spiral  in  another  Pofition. 

•     Becaufe  A  R  =  ^A  !i5A,  it  will  hc'    J  \  ^  ^-^^. 

SP  SPfxAR      SPfxSA 

'■'.■■'  '  And 
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And  from  kmod  agaia  fromitlie  giTen.Reladon  of  S  A  and  SP,  the  Law 
cf  th?  Ctatxip^  Force  will  eafily  be  found. 

Examples  Let  V  A  B  be  an  EIHpfis  whofe  Focus  is  S,  the  greater  pjg:  ij^: 
Aids  VB  =  ^,theleflerAxis  2^theLatusre£him  zJS.  AndletV^Q 
be  another  Curve  fo  related  to  this,  that  the  Angle  VS  A  may  be  alwavs 
proportional  to  the  Angle  V  S  ^  and  let  S  «  =  S  A.  The  Law  of  the 
Centripetal  Force  tending  to  S  is  required,  by  which  the  Body  may  move 
in  the  Curve  V  tf  Qj^ 

Becaule  the  Angle  V  S  A  is.to  V  ^  a\n^  given  Rado  ;  the  cotempo- 
rary  Increments  of  thefe  Angles  will  be  in  the  fame  Ratio,  and  let  this  be 

theRatioof«toir.    Whence  it  will  be £?/ =^iLl^.   ButitisOTs 

m 

''S'A  ;whcncc./,.       "'^SA 


^*SA  — SAj— </</  ««^*5A— SAj  — </i 

Nowbecaufe  it  bS  A;+SPf  .SP;  :: /<ix/a+0/x«/.  0f  x 

^/••SAii-u -!!l^L§Al n^d^S'Aq ,.     ' 

*  "^  «»«»*SA— S  Aj-^  *  mUnhSA  —  ^A^-^d*  ** 

"*'»**»*SA  — SAy— i</  *  «»'/»^SA— SAj— i»**  »*  *  S  A— 
w'  S  A  g  —»'</'+»*  i^ .  g'  i*.      Whence  it  wiU  be 
♦^«*  *S  A -.i»»S  A  J  — »•</'+»»</»  .  n  dll  S  A  .  S  P,  and  then. 
r^^cp^    ^        ndSA  Nbwthatthe 

Fluxion  of  this  may  be  had,  for  »*  ^  S  A  —  m*  S  A  j «'  </»  +  »» 

<?•  let  *  be  wrote,  and  it  will  be  S  P  =  ^i^,andSP  f  =!!i^£A5 , 
and  then  *  =r  «'  *  S  A  —  2  »*  S A  X  S A,  and S  P  =  »i S*A  X ;»— T 

—  4.  X J— 1    And  reducing  Ac  Fraaions  to  the  lame  Denomina- 

toritwiUbeSrP:=li£Ax--4»iSAf^    And  in  the  Numerator 
inftead  of «  and  «  putting  their  Values,  and  reducing  to  Order,  it  will  be 

o^;      TTT       '         ^x  Ji  i%  A ■•    -DUt  .IS  as  the 

SPrxSA  n'd^SAc  SPrxSA 

centripetal  Fprce  *  therefore  dm  Force  will  beas"'  »*  ^SAj-wy + g*  d\ 

n*  d*S  Ac 

A  a  a  2  ot 


3  6^  Tig  Lews  tf  tbt  Ceiitri|)e(ai  "^roft^ 

««  fee  as  4f  •  -^S  A.^.j^jy^'A:^  .^^'^^  ^'R  ^;^^c,nj»- jp^^.^^ 

b     „  «*  S A— Ray*  4-  R J»*  _    w!  -j-Arti* "m^t*'   .-„  ^.... 

T-  "*  — g-AT- ^Ta?"^       -S-AV,'  ;  ^^**^ 

exaftly  cbhiddc  with  wfcat  is  delivtr'd  by 'Sir  ^.  Ne^n^  vn-Prep.  44.  of 
his  Principia^x:oT)CtTT]in^  AeGcncripctal  Force  of  a  ftody  tnoviag  in  Ae 

Becaufe  the  Centri{>ttai  Force  tending  to  the  Point  S,  by  which  a  Body 

•  '  '    .  .  •     ' 

may  move  in  a  Curre,  4s  alvays  as      '^^      -{y  tencc  .ftom  the  L«f 

SPrxSA      -  - 

*f  the  OehtPipetal  F*ee  being  givcri,  the  *elai5on  elf  B  A  «id  S  P  may 
be  found,  and  thoretpre  tey  ijhe  Inverfe  MethiaKi«)f1rtPgents  the  Curye  m^y 
beexJiibited,  which;*alit)e  defcribea]3y-A>3py©nX}e«ri^tal  Force/ 
For  Inftance,  let  the  Force  l?e  reciprocally  as  any  Dignity  m  of  the 

Diftance;  that  is^»  far       ^^ trr"^-  "-  •.    kwffl1)fe4J^    = 

■  ^  ^  ^    f  andtakmgthet^luentsofihefe Fluxions,  it will"5e  i  SP-*  3 
a^  S  M     .  -  '  

H^S^.*  WheiKekwiU4>c^^^^*-        e  «  Pj,  and  mul- 

tiplyip^  both  the  Numecttto'jmd  the  Depominator  of  the  Fra&ion  by 
S  A«^%and  inftead  of^L^H-?  ^*  putting  d\  it  becomc.s  /I?  ^T' 

=  SP4.    Therefore^JSP^  ^^^l^r^,,       -.  .     _ 

Now  jf tlK ccKrft^-Quantityr ts o,1i:aiais:Sl!Pdg>iff\.^:^  ■;  . 
Thus.if  tbeEorce  be  recipKycally  as .t^. F^uare of  the  Diilsipe^  ^^™fll! 

be  put  S  P  =  ^^'^-^^  and th€\CXirv£..5(jUl  be  a PiraMd^whofc  J^ 

'      •  .     .i^i^    '  -    • 

tus  Reftum  k  i^.    Orit^mayl»S-P  ±i<4v  t!t^'^,«\  and  thbiSirve 

iJ^m  be  an^Eilipfis,-   .Or  bftly,  it  may  be  S  P  ?=  i/.x  .^^^'ji'  '  '^**^ 
.  '        •    .    ■  ■•  -  -  V^T4.-5  A 

X|ie  Curve  becomes  an  Hyperbola.  . 
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•  If )*fc*Cf|W  in  ifcipwally  9»  the  Cttbc  #f  tl»e  Diftance,  it  may  be 

"    ifs  A 
fuppoftdf'that  S  P  =  -^r— ,  and  the  Curve  becomes  the  Nautical  Spiral. 

Or  it  may  be  S  P  =— 1— --— ^^^  and  the  Curve  will  be  the  ftme  as  that, 

•rWfi  <^|nftn4*^  5if  ^C  ^fo^s  ,^>^  *eriK«i  fr^na  the  Seflw  of  the 
H4r&C]iv>lA-.   P^ if  m^  h^Q  P-,  ^^>^  .u^r^t^n-riiA;^  ^f  «,k;.>^ 

Curve  Newtm  has  delivered  by  the  Sectors  of  the  EUipfis,  Qor,  3.  Pr^p . 
v.Lib.^.'^Pfincipl^     >  •  ^   •    -'  .... 

If  the  Centripetal  Force  be  reciprocally  as  the  Diftance,  the  Relation 
bctywaS A  andS^P.camM>t  be-4cfermined%;^  AJgebraicad  Eqiuation  ; 
yet  the  Curve  may  be  conftrudled  bjf  the  "Lojgarithrhic  Line,  or  by  the 

XWraturc  pf^f  ^Hyfiej-Wa,    yq(^  ipiU  fb?n  S  P  =     ,  ^    _ 

where  L  .  S  A  denotes  the.  Lpgarith/n  of  S  A.      . 

All  thefe  TRifigs  follow  frOfti'  the  now  fo  much  Celebrated  Method  of 
Fluxions,  of  -which  c  ir  Ifaac  Newisn^  wichout  any  Doubt,  was  the  firft 
Inventet,  as  wili  eafij^  be  evident  to  any  one,  that  ftiall  read  thofe  Epiftles 
of  his,  which  were  nrft  pubUfhed  by  Dr.  JFalUs.  Yet  afterwards  the 
fame  Arithmetick  was  publiftiM  by  Mr.  lifUmUzmtht  ASiaEruditorumy 
ivith  only  changmg  the  Nairicy  iqid  the  Manner  t>f  Notation.  - 

Now  let  a  Body  move  in  the  Curve  Q  A  O,  by  Means  of  a  Centri-  Fig,  145. 
petal  Fprpe  tt-odiinyg  to  S-^  ai^ifi  let  the  Velocity ,qf  chc:Bo4y  in  A\be  called 
C.  Now  the  Velocity  with  which  a  Body  at  the  fame  Dirfance,  .and 
with  the  fame  Centripetal  Force  .would  defcribe  a  Circle,  may-be  callM  c. 
It  is  plain  from  the  fifft  Theorem,  that  if  S  A  reprefents  the  Centripetal 
Force  tending  to  %  t-be  -C-ef^ipetal  Force  tending  to  R,  by  Means  of 
wliich  the  Body  with  the  Velodty  C  will  defcribe  a  Circle  whofe  Radius 
4s  A  Ro'  y-'ill.  bt  ie^rdentcd  by  S  P.  JBvit  the  .Centiiip^^fd  forces  of  ^Bo- 
dics  dcfcribing  Ciiwlcs,'.afe-as  the  Squares  of  the  Velocities  apply'd  to  the 

Radii  pf  the  Circles!     Th^efore'  It  will*  be  S  P  .  S  A  : :  ^  .  il  ; ' 

.......  ^.^.   g^ 

whence  SPxAR;SA  J  ::C*'.Karid  therefore  C.i-ZIi/^S^ 

If  :"  P  coincides  .with  S  A,  as  it  is  in  the  Vertices  of  the  Figures, it  will 
be  C;  ^  ::  •  a  R  .  %/  S  a  Kow  if  the  Curve  be  a  Conic  Sedion, 
A  R  the  Radius  of  Curyajure  at  its  Vertex  will  be  equal,  to  half  the  La- 
tus  refhiirt,  or  4  L,  and,  therefore  the  Velogi^y  0/  the  Body  in  die  Vertex 
of  the  Seftion  will  be  to  the  Velocity  of  the  Body  defending  a.. Cifcle.^t 
the  fame  Diftance,  jp  ^  fybduplicate  rRatip  »i  .thc..Ldtu5  je^ujm  to  the 
double  Diftance.  .;      ;     . 

. '.  .     *  B^caufc 
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Bccaufe  it  is  A  R  =!  V^^,  it  wiU  be  C»    c*  ::  SPxSAxSA 

SP  SP 

SAqll-^LalA  .    SA::SPxSA.SAxS*P  i    and   therefore 

S'P  •     -  -  -' 

from  the  ^ven  Relation  of  S  P  to  S  A,  the  Rado'of  C  to  c  will  be  g^ren' 
For  Example,  if  the  Centripetal  Force  be  reciprocally  as  the  "Diffutf  m 

of  the  Diftancc,  that  is,  if  it  be — 1? — j,rr-_4-^'i  it  will  be  S*P= 
^  SP^xSA    «SA- 

^SPfxSA      ^^  therefore  it  wiU  be  C«.  f»  ::  S  P  x  5  *A  . 

a»  S  A" 

^SPfxSAxSA..^^<;  A— t    hSPr     Whence  ifwe  puts  P}  = 
«» S  A* 

rf»  SA--'=^'  a*  S  A— »,  it  will  be  C«  .  ^ :: «»  S.A--» .  ^JUl  «•  S 

J j; J 


i»  S  A"-*  -r  <»»  S  A«-» 


Now  if  it  be  put  S  P  g  t=  .^^  -^7        r=    ^  r       ■.  / '>twiU 


m_t 


beC». f»  :: fl«  SA"-».„i-,fli44^^»  that  is,  as  i  —  <  S  A— »  to 
?""^  *  i  but  the  Ratio  of  *  —  <  SA"-»  to2LZi.i  is  left  than  the  Ratio 

2  2 

of  ^  to  ^       -  ^,   or  than  the  Ratio  of  2  to  i»  —  i  *•  whence  C  will  be 

2 

to  f  in  a  lefs  Ratio  than  that  of  4/  2  to  •  #» —  i. 
In  like  Manner  if  there  be  taken  S  P  =^ ■    ,       itwill  be  found 

that  C  will  be  to  r  in  a  greater  Rttio  than  that  of  •  2  to  •  «n—  i. 

Cor.  If  a  Body  move  in  a  Parabola,  and  the  Centripetal  Force  tends  to 
the  Center  S  5  the  Velocity  of  the  Body  will  be  to  the  Velocity  pf  the 
Body  defcribing  a  Circle  at  the  fame  Diftance,  every  where  as  the  1/  2  to 
I.  For  in  that  Cafe  it  is  ijn  =  2,  and  »—  i  =  i.  The  Velocity  of  the 
Body  in  an  EUipfis  is  to  the  Velocity  of  the  Body  moving  in  a  Cirdc  at 
(he  fame  Diftance,  in  a  lefs  Ratio  than  that  of  i/  !^  to  i .  And  the  Veto* 
city  in  an  Hyperbola  is  to  the  Velocity  in  the  Circle^  in  a  greater  Ratio 
tiian  thatof  v^2  to  I. 

If  a  Body  moves  in  the  Nautical  Spiral,  its  Velocity  i$  every  where 
equal  to  the  Velocity  of  a  Body  defcribing  a  Circle  at  the  fameDiibnce  ^ 
for  in  this  Cafe  'tis ;»  s  3>  and  ^  ----  i  =  2.  Problmw 


Of  ^ the  Iftoerfe  Frohhpty  &c.  3  b^ 

Problem.  ,  Suppoljtpg  rfiat  the  Centripetal  Force^  ( whofe  abfolutc  Quan- 
tityis  known,)  oe  reciprocally  as  the  Sfquare  of  the  Diftance,  and  a  Body 
be  projefted  according  jto  a  given  right  line  with  a  given  Velocity  •,  to     pig.  153. 
find  the  Curve  in  which  the  Body  will  move. 

Let,  *  Bcidy  be  projcfted  according  to  a  given  right  Line  A  If,  with 
a,given  Velocity  C.  Now  becaufe  the  abfolute  Quantity  of  the  centri- 
petal Foi'Ce  is  known,  the  Velocity  will  thence  be  given,  with  which  a 
fiocty  cah-dcfcribe  a  Circle  at  the  Diftance  S  A,  by  the  fame  Centripetal  ' 

Fofcje.     Forit  is  equal  to  that  which  is  acquired  while  the  Body  falls 
•  throujgh  Y  S  A,  if  urged  by  the  fame  Force.     Let  that  Velocity  be  ^^ 
From  A  upon  A  B  let  the  Perpendicular  A  K  be  ereded,  and  in  that 

C  A  - 

take  A  R,  a  fourth  Proportional  to  r*,  C*,  and  _!'  ;  and  AR  will  be 

o  ir 

the  Radius  of  Curvature  in  A.  From  R  upon  A  S  let  fall  the  Pei'pen- 
dicuhr  R  H,  and  from  H  upon  A  R  the  Perpendicular  H  K,  and  draw- 
ing the  right  Line  S  K,  it  will  give  the  Pofition  of  the  Axis.  Make  the 
Angle  f^  A  K  equal  to  the  Angle  S  A  K  ;  and  if  F  A  is  parallel  to  S  K, 
the  Figure  in  which  the  Body  moves  will  be  a  Parabola.  But  if  S  K 
meets  the  Axis  in  F,  and  the  Points  S  and  F  fall  on  the  fame  Side  of 
the  Point  Jf,  the  Figure  will  be  an  Hyperbola.  If  the  Points  S  and  F 
fall  on  the  contrary  bides,  the  Figure  will  be  be  an  Ellipfis.  Then  with 
the  Foci  S  and  F,  and  with  the  Axis  =  S  A  Hh  F  A,  the  Seftion  in 
which  the  Body  will  move  may  be  defcribed. 

VI.  To  find  the  Curve  defcribed  hj  a  Body,  which  is  urged  by  a  given  V^^^^^^^^t 
Law  of  Centripetal  Force,  when  projc&ed  with  a  given  Velocity  from  a  Centrlutal 
given  Place,  according  to  a  given  right  Line ;  is  a  Problem  of  the  great-  Foras ;  ijcuh 
eft  Dignity.     Newton^  in  his  Mathematical  Principles  of  Natural  Pbilo-  ^^n^rhon 
fapby^  gave  us  long  fince  a  compleat  Solution  of  it,  granting  the  Qua-  i>^"iohn^ 
dratures  of  Curvilinear  Figures.     Since  which  the  celebrated  Mr.  7tfi&»n.'34o.  p.91' 
Bernoulli  has  again  undertaken  the  fame  Problem,  in  tht  Memoirs  oftheNov,z^,\j\i^ 
Academy  ^  Paris  for  Jnn.  17 10. 1  have  compared  his  Solution  with  that 
of  Newtony  and  made  the  following  Remarks  upon  them. 

Mr.  Bernoulli  premifes  the  fame  Propofition  which  Newton  makes 
ufe  of,  for  demonftrating  his  Problem  5  which  is  the  XLth  in  his  Pn>r- 
dpiay  and  is  no  lefs  elegant  than  eafy  to  be  demonftrated.    It  is  as  follows. 

If  a  Body  moves  any  how  by  Means  of  a  Centripetal  Force,  and  ano- 
ther Body  aicends  or  defcends  diredly,  and  their  Velocities  are  equal  in 
any  Cale  of  equal  Altitudes  ^  their  Velocities  will  be  equal  in  2SI  equal 
Altitudes. 

Bernoulli  fays  the  Demonftration  of  this  Pxtopofition  is  deliver'd  by 
Newton  in  too  perplex  a  Manner  ;  and  therefore  he  fubftitutes  his  own 
in  its  Room,  which  he  calls  a  more  fimple  one.  But  give  me  Leave  to 
lay,  without  offending  fo  great  a  Man,  that  if  there  be  any  DiHerence  be- 
tween the  Demonftrations  of  Newton  and  Bernoulli^  it  is  this,  that  New-     pig.  1 54. 
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im*s  feems  to  be  much  the  cafier,  and  Icfs  pcrpfek  than  the  odier.  For 
if  with  Center  C  the  two  Circles  DI^EK^  are  defcribed,  the  Diftancc  of 
which  JD  jE  is  as  fmaU  as  may  be,  and  the  Velockics^  of  the  Bodies  ill  D 
and/  are. equal,  andif  fromJVto/JCthe  PcrpcndicularJ\r3^is  let  fell; 
Newton  fully  Ihews,  that  the  accelerating  Force  according  to  D  £  is  to 
the  accelerating  Force  according  to  /jK,  as  IN  to  IT.  For  if  die  Force 
according  to  D  £  or  i  iVbe  reprefented  by  the  right  Lines  D  E  or  /JVT, 
that  Force,  according  to  INy  may  be  refolved  into  two,  T  I^TN^d 
which  th^c  only  which  is  as  7*  /accelerates  the  Motion  according  to  At 
Direftion  IK.  But  the  Accelerations  or  Ihcremcnts  of  the  Velocities 
are  as'the  Forces  and  the  Times  in  which  they  are  gdieratedconjtmftly; 
But  becaufe  of  the  fequal  Velocities  in  D  and/,  the  Times  are  as  die  Wm 
defcribed  D  £,  iK.  Wherefore  the  Accelerations  in  the  Motion  of  the 
Bodies  along  the  llines^/)  E  and  /  K,  are  as  D  £  and  /ST,  and  D  £  and 
IK conjundily  -,  that  is,  as  D  £  j  or  iNjji  to  the  Reftangle IT  x IK^ 
4nd  therefore,  becaufc  of  INq^  IT  x  IK^  the  Increments  of  the- Ve- 
locities are  equal.  Therefore  the  Velocities  in  £  and  Jt  are  equal,  aad  by 
the  fame  Way  of  arguing  they  will  always  be  found  equal  at  equal  Dif- 
tances.  This  is  the  Sura  of  Newton's  Demonftration,  which  is  e^dain'd 
jb  clearly  by  him,  that  we  fliall  find  but  few  eafier  eren  among  the  Ele- 
mentary Propofittcxis.  But  Bernoulli  does  not  proceed  thus.  H^  is  con* 
tented  to  fay,  that  Mechanicks  Ihew  the  Force  according  to  D  £  is  to 
the  Force  according  to  /  if,  as  /  JSTto  2)  £•  Alfo  that  Mechanicks  flicw 
the  Increments  of  the  Velocities  to  be  in  the  Ratio  of  the  Forces  and 
Times  conjundly.  And  that  at  the  Beginning  of  the  Motion  fuppl>fing 
the  Velocities  to^be  equal,  the  Times  arc  as  the  Ways  defcribed  JD£,  IK. 
And  hence  he  concludes,  by  an  Argumentation  altogether. tike  that  of 
Newton^  that  the  Increment  of  the  Velocity  acquired  by  the  Body  wlulft 
it  defcribes  /Jf,  is  to  the  Increment  of  Vck)city  while  Z>  £  b  de- 
fcribed, zs  D  E  X  IK  to  I K  X  D  Ej  and  therefore  diat  the  locremoits 
of  the  Velocities  will  always  be  equal  in  equal  Diftanoes. 

But  if  he  bad  had  a  Mind  to  give  an  e^y  Denfionftration  for  the  Sake 
of  Novices,  he  ought  to  have  cited  the  Mechanical  Ph>poiitioii^  and 
have  accommodated  it  to  the  prefent  Cafe.  And  indeed  tncre  was  Oc- 
cafion  for  many  Words,  that  this  may  become  the  Theorem  whkfa  he 
feems  to  hint  at,  in  which  is  treated  of  the  Defcent  of  heavy  Bodies  adoQg 
inclined  Plains.  For  hare  no  Plain  is  ^ven,  which  may  hinder  ffte  direft 
Defcent  of  Bodies.  Nay,  the  Body  is  fo  far  from  being  hifider'd  by  a 
)?lain,  that  on  the  contrary  it  is  continually  attraAod  by*a  certain  Force 
from  the  Plain  or  Tangent.  Therefore  without  Doubt  the  Force  of  his 
Reafoning  Would  have  been  more  maniitft,  if  forbearing  to  iomdace 
his  Propofitions  of  Mechanicks,  he  had  demonftrated  the  mrfwle  Mnder 
from  its  own  genuine  Principles,  as  Newton  has  done.  For  by  rcfolving 
the  right-angled  Triangle  KNI  into  two  fimilar  Trian^,  it  is  JT  /to 
'  1 N^  IN  to  ITj  and  therefore  inftead  of  the  Ratio /iV*  to  /  ?;  he 

might  have  put  the  Ratio  of  J!C  /  to  IN  or  DE. 

If 


^ iL 


• -g      --y 


b 
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:  If  AeB^dyfaUs  from  JwHaccJf  la  the  right  Lm^^ 
Place  j:  a  Perpendicular  £  G  be  always  raifed,  which  may  be  proportional 
to  die  Centripetal  Fmcc^  and  if  JB  F  G  be  the  Cunre  ^'inp  vrtiich  Ac 
Pomt  G  always  touches ;  NMt9n  demonftoitcS'  {Pr^  39.  and  40.  of  his 
Prtudpia^)  that  the  Velocity  of  the  Body  in  any  Place  £  is  as  the  Square- 
root  of  the  CurWlihear  Area  JSGE.  Therefore  if  the  Velocity  be  called 
Vy  then  V*  will  be  as  the  Area  ABGE.  And  if  P  be  the  grcateft  Altitude 
to  which  the  Body  revolving  in  the  Trajeftory  can  afcend,  when  pro- 
jected upwards  from  any  Point  of  it  with  the  Velocity  which  it  has  Acre  ; 
and  if  -rf  be  the  Diftancc  of  the  Body  from  the  Center  in  any  other  Point 
of  its  Orbit ;  and  if  thcr  Centripetal  Force  be  always  as  any  Dignity  of -^, 
fuppofe  as  ^-' ;  the  Velocity  of  the  Body  in  every  Altitude  A  will  be 

as  ^  ^IhJjf  —  »  -^ 

In  liR  Manner  Mr.  Bernoulli  Ihews^  that  if  die  Diftance  from  the  Cen- 
ter be  called  x^  the  Velocity  v,and  the  Centripetal  Force  ^  it  will  he  v= 

^^      '  .■■ 

%/  ab  —  Flu:  f  X  ;  where  it  is  plain  from  Quadratures,  that  the  Area 

ABGE  xab  —  Flm  px.  Therefore  it  is  all  one,  whether  the  Square 
of  the  Velocity  is  exprcfs*d  by  the  Area  ABGE^  or  by  the  Qyantity 

4i  .^  Phn  p  X  \^hich  is  equal  to  it«    And  if  the  Centripetal  Porta  p  be 

as  n  ^-»  or  n x^-^^  it  will  be  ab=P%  and  Flu:  px  :s:A'  -,  Co  that 

ni  *—  FkiifxUn  the  Quantity  P«  — •  -^  . 

Lot  the  Body  dcfcribe  the  Curve  F  K  with  a  Centripetal  Force  tend* 
ing  to  C,  and  let  the  Circle  FXTh^  given,  defcribed  with  Ccrt«er  C 

and  any  Radius  CF.    Let  ^  be  a  conftant  Quantity,  and  make  .  >> ... 

A  ■ 

xs  2.  And  let  X  /  be  an  Element  of  the  Curve,  IN  or  D  E  an  Eler 
mcnt  of  the  Altitude,  XT  an  Element  of  the  Arch.  Newton  de;iion- 
flmesi  that  the  Element  ofthe  Arch  or  JT  7*  may  be  exprcfs*d  by  this 

Fofmula  ^^I^^CX  Likewife  from  the  Premifes  Mr.   . 

AA%/'ABGE^zz 
Bernoulli  making  the  Arch  V  XzuZy  and  the  Altitude  or  Diftance  =  x, 
reduces  the  Element  of  the  Arch  to  this  Form  z  s 

^^^  Now  even  at  firft  View  the  For- 

^ahx^ —  X*  X Flu'.p  X  — iJ*  ^*  x* 

mula  of  Newton  fhould  feem  fomething  m^re  fimplc  than  that  of  Bi?^' 
noulUj  asconfiftingof  fewer  Terms.  But  when  I  had  examined  the 
Matter  carefully,  liaw  that  Bernoulli's  Formula  exadiy  coincided  widi 
ttM'of  NewlMj  anddiSer'd  from  it  only  in  the  Manner  of  denoting 

the  Quantities.     For  if  for  ^  ^  —  Flu:  ^  i  we  -pnt  A BGE^  and  for  a  c 

Vol.  IV.  Bbb  we 
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we  put  Sij,  and  for  xwe  put^*  and'for  a  we  put  CJT,  and  for  x  we  put 
/jy.thcn        ^'^^  .     ! =      ^xCZx/^ 

^« 

=  — ?i£fc££»  i  or  putting  z  2  inftead  of -§-,•  (which  Niw^ 

ton  does  for  the  SaHc  of  a  more  commodious  Notation)  BernoullPs  Form 
becomes    ■  ■     ^;^^/^      ■>    Whence  it  appears,  that  his  Formub 

does  not  differ  from  that  of  Newton^  any  otherwife  ^thaa  as  .amr  Thing 
written  in  Latin  Characters  would  differ  from  the  f^e  Thingfl||liittctr 
in  Greek  Charafters. 

After  having  deliverM  the  general  Formula,  Mr.  Bernoulli  defcends 
to  a  particular  Cafe,  in  which  the  Centripetal  Force,  is  reciprocally  as  the 
Square  of  the  Diftance.  And  through  various  Redu6Hons  and  trouble- 
fome  Operations,  he  ihews  the  Cbnftrudion  of  Curves  whieh  may  be 
defcribed  by  means  of  that  Centripetal  Force,  and  by  reducing  them  to 
Equations  he  proves  they  are  Conic  Se£tions.  Then  he  complains,, 
that  Newton  fuppofes,  without  any  Demonftration„  that  Curves  deicnbed 
with  fuch  a  Force  would  be  Conic  Sedtions.  • 

It  is  impoffible  he  (hould  think,  that  Newton  was  not  acquainted  with 
the  DenK)nftration  of  this  Matter!  For  he  knew  very  wril  that  Newtem 
was  the  firfl:  and  on]y  one  that  had  treated  of  this  Dodrine  i^ut  Cen- 
tripetal Forces  in  a  Geometrical  Mapner,  and  had  brought  it  to  fuch 
Perfe6tion.  Bernoulli  alfo  knew,  that  befides  giving  the  general  Solu- 
tion of  the  Inverfe  Problem,  Newton  had  (hew'd  how  Curves  might 
be  conftrufted,  which  are  defcribed  by  a  Centripetal  Force  decreafing 
in  a  tripficate  Ratio  of  the  Diftance,  and  therefore  he  could  not  be  ig- 
norant of  that  other  Cafe.  Nor  indeed  can  I  underftand  for  what  Reafon 
Bernoulli  objeds  to  Newton^  that  he  had  omitted  the  Demonftration  of 
this  Cafe  ;  fmce  he  himfclf  has  often  propofed  Theorems,  whofe  Demon- 
ftrations  he  has  no  where  given.  And  why  may  not  Newton  do  the 
fame,  when  in  Hafte  to  proceed  to  other  Matters  ?"  But  now  in  the  new 
Edition  of  the  Primipia^  he  has  a  Demonftration  of  this  very  Thing, 
which,  though  very  Ihort,  is  yet  much  eafier  and  clearer  than  that  of 
Bernoulli. 

Laftly,  that  Bernoulli  might  fliew  the  Neceffity  of  his  Demonftration 
of  the  Inverfe  Problem  in  this  particular  Cafe,  he  thus  adds.  It  muft  be 
confider'd,  fays  he,  that  the  Force  which  caufes  a  Body  to  move  in  the 
Lc^arithmic  Spiral  muft  be  reciprocally  as  the  Cube  of  the  Diftance 
from  the  Center.  But  it  does  not  follow  from  thence,  that  fuch  Curves 
raxift  always  be  defcribed  with  fuch  Forces,,  fince  the  like  Forces  may 
alfo  be  the  Caufe>  that  the  Body  may  move  in  the  Hyperbolical  Spiral. 
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I  wonder  truly  how  this  great  Man  could  imagine,  chat  Newton  ever 
drew  fuch  a  Confequence.  For  befides  the  Logarithmic  Spiral  Nexvian 
Ihews,  how  other  Curves,  infinite  and  different  in  Nunaber,  may  be 
foniv'd,  all  which  may  be  defcribed  with  the  fame  Centripetal  Force  as 
the  Logarithmic  Spiral.  And  among  thefe  this  very  Hyperbolical  Spi- 
ral may  be  reqKon'd,  as  we  (hall  (hew  hereafter. 

Now  from  hence  Newton  concludes,  that  only  Conic  SeAions  can  be 
defcribed  by  a  Centripetal  Force  which  is  reciprocally  proportional  to  the 
Square  of  the  Diftance ;  becaufe  the  Curvature  of  any  Oroit  is  given,  by 
having  given  the  Velocity,  the  Centripetal  Force,  and  the  Pofition  of 
the  Tangent.  But  the  Focus  being  given,  the  Point  of  Contact,  and 
the  Pofition  of  the  Tangent,  a  Conic  Sedion  may  always  be  defcribed^ 
which  ftttll  have  a  given  Curvature.  This  I  have  fhcwn  above.  There-  y  .^  g 
fore,  by  Virtue  of  this  Force,  the  Body  (hall  move  in  this  Curve,  and  s.  v. 
no  other.  Since  a  Body  fetting  out  from  the  fame  Place,  according 
to  the  fame  Diredion,  with  the  fiune  Velocity,  and  urged  by  the  fame 
Centripetal  Force,  cannot  defcribe  difitrent  Courfes. 

In  Imitatioa  of  Mr.  Bermmlli^  let  me  attempt  to  refolve  this  Problem 
of  the  Invorfe  Method  of  Centripetal  Forces,  but  after  a  very  different 
Manner  ;  and  alfo  to  ripply  it  to  a  particular  Cafe,  in  which  the  Force 
is  reciprocally  as  the  Cube  of  the  Diftance ;  and  at  the  fame  Time  pro* 
duce  a  Demonftration  of  Cor.  3.  Prop.  41.  of  Newton's  Principia. 

In  Order  to  do  this  I  muft  premife  a  few  Things  which  I  have  already  yjd.  supia 
explain'd  above.  S.  V. 

Let  V  ILht  any  Curve  which  a  Body  defcribes  by  Means  of  a  Centri-    Fig.  i  ss. 
petal  For<;e  tending  to  the  Center  C.    Let  this  Curve  be  touch^4  by 
the  right  Lines  /P,  Kp^  in  two  Points  /  and  K  which  are  infinitely 
near ;  to  which  from  the  Center  let  fall  the  Perpendiculars  CPjCF^ 
and  with  Center  C  let  the  Circles  X  £  and  /D  be  defcribed,  and  draw  C  L 

P  if 

The  Centripetal  Force  will  be  as  the  Quantity  ^       ^    ■■  ;   which 

Theorem,  though  we  have  demonftrated  it  before,  yet  here  is  another 
Demonflxation.  From  K  draw  K  m  parallel  to  C  P,  and  Knto  C  L 
Then  becaufe  of  like  Triangles /CP,  IKNy  and  nKm,  Mo  1  Km 
and  /  *  Py  it  will  be 

IpovIP.IKlipP.Ktn, 
P C .  I  P  I*  Ktn  » tn  tif 
IN.  IK  limn  .nK.    Therefore  ex  aqut, 
PCxIN.IKqlipP.nKy 

ThcreforenX^^-y^?-. 
PCxIN 

Now  theTime  in  which  the  Arch  IKis  defcribed,  is  as  the  Area  or  Tri- 
andb  ICK,  or  its  double  PCx  IK-,  therefore  if  the  Time  be  given, 
P  C  X  /JC  will  be  a  conftant  Quantity.  But  in  a  given  Time  the  Centri- 
petal Force  will  be  a$  the  little  Line  Kiiy  which  is  defcribed  by  that  Force } 

B  b  b  2  ^^ 
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and  therefore  theCentripetal  Force  is  as  diac  litdc  line  Kn  drawn  into  the 
codftant  Quantky-g^;^-? — y^^  ;  that  is,  the  Centripetal  Force  will  t)e  as 

'  The  Velocity  of  the  ftody  in  any  Place  is  as  tlie  Path  defciibed  in  any 
the  leaft  Time  diteftly,  and  as  that  Time,  inwrTdy^  and  therefore 

j!s  as  IK  X  .     ^^-  ■     i  that  is,  tiie  Velocity  will  be  rocmwctiif  « 
P  C  X  1  K  ^^^ 

the  Perpendicular  from  the  Center  to  the  Tangent* 

If  the  Diftance  of  the  Body  from  the  Ceni^r  lacNcallod  ic,  and  the  Per- 
pendicular upon  the  Tangent  p  j  it  wijl  be  INz:z  i,  -and  Pf  =  p^  Ad 

the  Centripeul  Force  may  be  expounded  by  the  Quantity  ZZ^,  fay  «f. 

fuming  any  Quantity  for/4  . 
Therefore  if  with  Mr.  Bernoulli  we  call  the  Centripetal  Force  f ,  then 
•  • 

{'^  sr  *,  and  Z*l?  =zx  Pi  'and  taking  the  'Ruents  of  -diefe  Quantities, 

it  will  be  -^ — =  Flu:  x  ^ 

Now  fince  the  Velocity  of  the  Body  k  recipraeally  as  the  Perpendicu- 
lar /^  its  Square  may  be  expounded  by  -Z_.    If  therefore  the  Velocity 

is  call'd  Vy  itwill  be  v*  =  -^ — ,  which  is  equal  to  the  Fluent  of  the 

Quantity  x  f.  And  if  ^^  be  the  Place  from  whence  a  Body  fhould  fall, 
in  order  to  acquire  the  Velocity  v  in  D  or  /,  ^and  from  the  Place' of : the 
^o4y  t>  the  Perpendicular  D  F:=  ^  be  ercfted,  then^the  ReAangle  iDJSx 

DF=x  f.  Now  let  the  Curve  B  FG'hc  the  Cvrve4inc,  whofedtii- 
nates  expound  the  Centripetal  Forces,  or  the  Quentitiesr  f .  TTie  Flowing 

Quantity  of  x^  will  be  the  Curvilinear,  Area,  ^jBFi)  =  v»  =-Z-, 

and  therefore  v  will  be  as  the  Square-root  of  the  Area  ABFD.  Now 
if  the  Velocity  be  fuch  as  is  acquired  by  .falling  from  an  infinite  Diftance, 

then  v^  or  the  Fluent  of  x  9  will  be  equal  tq  ^e  Area  ODFO  indefi- 
nitely extended.  — 

HOKC 
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Hence  t|ie  Quantity  p  will  always  be  given  in  finite  Terms,  when  that 
Currilinflpr  ArtJt  eaii  be  aq>i«efs*d  in  finiti;  Terms.  For  Inftanee,  let  the 
Centripetal  Force  be  ledprocally  as  the  Dignity  »  of  the  Diftance,  that 

is.  let  if  •  =ii^.    If  the  Velocity  of  the  Body  be  fuch  as  is  a^uired 

.  .*" 

by  falling  from  an  infinite  Diftance,  then  v*  =====- 


_    f* 


And  in  aU  thefe  Cafes  the  Area  indefinitely  extended  will  be  a  finite 
Quantity.  But  ti»e.  Mm^y  xP9$  fS^io/^t  y>  a  Tm^9rf  v)f\  »  Vdocitf, 
the  Square  of  which  may  be  cither  greater  or  lels  than  the  Quantity 

- — H-J ,  or  what  is  equal  to  it.    Therefore  it  will  be  v*  =  ^-j- 

sz^^ Hh^\ 

^nce  by  <hc  A^ion  .(pf\tl;»cfc  i«ci|i;«;es,  ^i|C<e)i^4»  <tf  C^rif??  .triay  bf 
d«fcribed,  according  as  «*  is  a  pofitive,  or  native,  or  no  Quantity. 
For  Example,.  iMhp  Velocity  ^ggre^ter  tl^  that  .wWch  is  vquirpd  by 

falling. from  an  infinite  Diftance,  it  will  be  -J-~irSs=—~.       •  ■  H-  **• 

If  the  Velocity  ,be  lefs,  it  wiU  Jx;  J[t-y_ul  -r-. /*•    |f  equal* 

"XP      m'—iXiC*--^  :'■[::■:;:■ 

itwiUbe  J^=_-=4 

-    ip^     4n-^l¥.i^»^    ■■  '•      •'•:•  '^  • 

^Mfkfiif*  s: »» f  %  and  ..^  #  ==  **  e\  and  if  ^  Velocity  of 

*  -  -  -TW-r-SM  1    '■    .   .  -  ..   .  i «— .  -  >»» 

the  Body  be  fuch  as  is  acquired  by  falling  from  an  infinite  Diftance,  it 
willbej>*  =^^,  or;>  =  f>^^ 


b 


2       • 


But  if  the  Velocity  be  either  -gre^tfCT  qt  lefs  tlian/thb^ YclQcity;  it  wiU 
be  as  has-been  ihcwn,   IL:^^=£^, -h  gV=  iTH^^^^' ^^\ 

Where  for  4/+ and     f     putting  their  Values  /?*  e*  and  **  ^*,  it  wilt 
b<iili.V^'±^'^"',  or  ^^^-+x--^^.      _^.^^ 

.  Therefore  if  the  Centripetal  Force  be  reciprocally  as  the  Cube  of  the 

Diftance, 
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Diftance,  that  is,  if  it  be  m  s  3,  anclfi  --<  i  s2  j  then^*s  ?li^,  or^* 

In  the  firft  Cafe  it  is  plain,  that  the  Curve  will  be  a  Logarithmic  Spi- 
ral ;  for  let  p  =  _-,  or  b  .all  x.p^  and  therefore  becaufc  of  the  coa- 

ftant  Ratio  i  to  ^,  the  Angle  C  IP  will  be  conftant. 
Now  let  us  fuppofe  it  is  ^'  = .^,  from  which  Suppofitxm  throe 

different  Species  of  Curves  will  arife,  according  as  ^  is  greater,  or  equal 
to,  or  lefs  than  t. 
Fig.  1 56.       ^j^j  g^£^^  ig^  ^  jjg  greater  than  *.    With  Center  C,  at  any  given  IXf- 
tance,  let  the  Circle  HJT.Xhc  defcribed,  which  let  the  right  Lines  C  Ky 
CI^  produced  meet  in  7*and*Z*   And  it  is  /iVj  .  KNq^ ::  IP  q.PCj^ 


andthereforeC/j— ?Gj.  PCjIIx*— ^*  .p*  11  x*         **  ** 


a*  X*     ,.    -         a'  a' 


**  +  x* 
'  r?    ^  X  '^^~.    ""  \-  -f—  ::^-+x*--a*,ii\    Therefore 

'  •      •  '^'  *,  ■ 

itWaibe  \^Sc*  J^b*  -^  a* .  a\\  IN  ,KN  W'x  .      "'^  — 

TS.KN.  And  becaufe  i>  is  greater  than  b^  the  Quantity  b*  —  «*  will 
be  negative,  l^et  it  be  —  c\  whence  JT  JV—  ^jL-— —  ♦  LetAcRa- 
diusof  the  CirderHbe  called -&,  and  it  isCX.  XJV::  Cr.rJTi 
thatis;tf.-if lib.  .JsL^^^XTzxy^ifthsAsdiHr 

be  called  jr.   . 
Letitbe«  =  -£1,  whcncci  =  — ^,andJL=5—  L.   Alfo  it 

willbey»  —  f«=  -£l  — c«a  f^j-f'z^^^  x^— «'.     Whence 
a*  a»         a» 


•  >  — <*=i  x  •'<»—«*   .    Which  Values  being  fubftituted,  it 
z 

'  will 
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■  i_ ^— -i&ag 


wUlbe-A^*? ^  —^gg  Let  it  be  « .  f :: « .  I,  that  is. 


letii=:»f,anditwillbcJrrory=— 4iL^.Butitis    **'' 


i/'^  — z*  •'r'— z* 


«2 


::  « it .  r,  diat  is,  in  a  ffrm  Ratio.    And  therefore  their 

Floents,  if  they  hcfpa  together,  will  be  in  the  lame  Ratio.     That  is,  it 

"will  be  HToty  to  the  Fluent  of  the  Quantity  -   ^?,  n      ,  nnbtac. 
■  ■      '  VV—P 

Now  if  Center  C  and  Radius  CV^c  z  Circle  VL  be  dcfcribcd,  and 

iJf  CGdZ,  andu^  s=z,  then  the  Arch  «»  =    ^^     — ;  =  Fluxion 

i/  r»  —  2* 

of  the  Arch  j^  when  the  Fluxion  is  a  pofitive  Quantity  ;  but  when  it 
is  negative,  its  Fluent  is  the  Arch  iKm  the  Complement  of  the  formen 
For  an  Arch  and  its  Complement  hare  the  fame  Quantity  denoting  its 
Fluxion,  but  affisfted  with  contrary  Signs  $.  for  wiien  one  increafes, 
the  other  decreafes. 

Hence  it  is  Hr.Vmllnb.a  but  it  is  CV .CHllV e.HT, 

ibttWic  .b:\Vt.tlZl  ^HT.     Therefore  it  will  be  ^  ^  ^^    ; 

c  c 

Vmllnb  .e.    VfYitnctV  e  .Vmlln  .  i. 

Moreover  from  the  Nature  of  the  Circle  it  will  be  CG  .  CVV.CV. 

C  TV  when  m  T  touches  the  Circle  ^  that  is,  it  will  be  2  .  r  ::^  .  i_ 

z 

=  C  f  =  X.  Hence  if  the  Angle  f^dhe  taken  to  the  Angle  FCmzs 
n  to  I,  and  C  ^  be  produced  to  A,  fo  that  CAT  may  be  equal  to  the  Secant 
CTy  K  will  be  a  Point  in  the  Curve  required. 

Here  it  may  be  obfcrved  by  the  Way,  that  if  »  be  a  Number,  that  is, 

if  it  be  tf  to  r,  or  tf  to  •  la^  —  **"as  Number  to  Namber,  the  Curve  FI 
will  be  an  Algebraical  one.  For  in  this  Cafe  the  Relation  of  »  C  to  the 
Sine  of  the  Ang\tVCc  is  defined  by  an  Equation,  and  thence  will  be 
had.the  Relation  of  the  Sine  of  the  Angle  /^  C  ^  to  C  7*,  or  CX^,  by  fome 
determinate  Equation ;  and  thea  at  laft  an  Equation  will  be  given,  which 
will  exprefs  the  Relation  between  the  Ordinate  and  Abfcifs,  banning 
from  the  Point  C 

The  Orders  and  Denees  of  thefe  Curves,:  in  the  Algebraick  Scale  of 
Equations,  will  be  dinerent  according  to  the  Magnitude  of  the  Number 


n.  1a  all  thefe  Curves  thus  defcribecW  .^ht  JEofition  of -Jtlic  Alympfote 
foay  be  tKus"dd:etihlh€fa. ' -  Mdke  tte  Afigk  ^C£  to  a  f^t  Asigfe  ^  i 
to  I.,  In  that  Angle  the.  pittance  of  the  Body  fromtfieCaitfcr'  becomes 
infinite;    Now  ^e  Scju*^  ^  ef  the  EcfpcRcHfCular  upcp  jfhe.Tangpat  JP  G 

isfequal  t^-^— ^ — i  '^Ren'^f  i5  infinitej  it  becomes  PCq  =1  ^*  ^  .  or  PC 

=  a.  Therefore  let  C  it  be  drawn  perpendicular  to  C£,::andldqiifll  to 
the  rightXine  a  ;  and  if  through  R  be  drawn  R  S  parallel  ,to  the  ridbt 
Litfe  C  t;  thi!i  will  ttmch  thfc  CufVA  ht  aih  inlnftd  iDfibirrt,  or  wlH  U 
an  Afymptote  to  the  Curve. 

If  Jill  My  ofltl^^wrvcithe  Bbdy  by  dcfbehdin^  ftpi;hi.dftlire  dt'thf 
loweil  Apfid  i  it  wiil  ^ain  afcend  from  hence  inif^mium^  and  will  de- 
fcribe,aftothe^  Curve  (imilar  to  the.  former^  or:  rathcFsa.  like  Pprtion  of 
the  lame  Curve  by  its  AiTcent, 

Thefc  Curves  may.  wind  about  the  Center  withmanv  Circumvolutions, 
tcfbre  they  Begin  to  cpnVerge  towaltJS  thdf  Aiywptoa,  Md  flib  Angu- 
lar Motion  of  the  right  Line  C  K  will  be  equal  to  U)  many  right  Angles 
ik  th^  Nttftibe¥/^lx^dS!tet^lJ|iiisv  Fcff  Iitftatice,£f  M^  looitwctitv^ 
(IV6  isatt  R^VeluCkms  inriU  be  tampteated  befoitti»  Diftancevfrom  m 
Gerrte*  feftfe^mes  inftftite. 
•tf  "ffie  Ni^mb<3f  n  is  incKftfi^d,  a  rmiaining  the  fiunci  r  tviil  be  dunl- 

ntfliM.    For  it  is-  sir  r,  and  i-^.  =:  r »  =  tf *  —  *»  •,  whence  »»  —  i  % 
n  n^ 

«*  ==»***,  and  therefore  «*•  ^»  ::«*.»*  ^—  i.  Therefore  if  i^e^ 
proaches  to  Equality  withies  alfo  H^  —  i  will  approach  to  a  Ratio  of 
Equality  with  n^i  and  therefore  n  will  be  increafea,  and  c  will  be  diai»- 
niihed  in  the  fame  R&tia  Th^^fore  let  b^  be  fuppofed  nearly  equal  to 
a^j  fo  that  when  the  Difference  is  infinitely  little,  let  the  Number  n  be 
infinitely  great,  and  kt  the  Radius  of  the  Cirde  c  be  infiMteiy  Utile,  oY  kl 
die  Circle  be  contracted  into  its  Center.  But  although  c  vaniHies  thus* 
yet  C  IT  will  not  vanifli  in  like  Maimer,  if  the  Angle  ^CMbe  neaiiy  a 
fight  Angle.  For  in  every  Circle,  though  never  fo  little^  the  Seott 
of  a  right  Angle  will  be  an  infinite  Quantity.  Therefore  becaufe  of  cfae 
infinite  Number  »,  this  Curve  will  wind  about  the  Center  with  ii^nite 
Revolutions,  before  it  will  begin  to  converge  towards  its  Afymptote. 

But  when  c  vanifhcs,  it  is  ^  =  «,  atod^  =  — -— .    And  becaufe 

•  jf»  +  4» 

fa  every  Cafe  it  isjr'ts  "- — ,  yrhen  c  Vamflies  it  will  be^  =;  ^±f 

b  a 

Whence  taking  the  Fluents  icitill  be  jr  s  ilr,  or  x  /  a  A  «,  wluch  is  a 

Pi 

^ven  Quantity. 

Thb 


the  Uth  ff  /^'' to^^^  i^.  \  ^ 

This  Cunw  is  the  Hyperbolic  Spiral,  which  has  many  remarktble 
Bsoperties.  If  kzI^:.Rfldiiis C/T^beUrh; imd6aa%.^  Cohre iiii  /^ Md 
the  Periphery  of  die  Circle  in  JT,  and  if  from  C  a  Perpendicular.  C?*  is 
raifed  to  C  /,  and  /T*  touches  the  Curve  in  /,  a&d  meets  the  rig^t  Ikine 
C  9^  ih  ^;  Chetf  ^  T'^H  be  a  con^t  right  Line,  whkTi  will  be  equal  to 
the  Arch  VE.  In  which  Property  it  rdembles  the  Logarithmic  Ciirv^ 
llAceCT'fnaybAcadkdtlie  Sublangent  of  theCurire*  For  let  the  Ra- 
dius of  the  Circle  CEhtb^  the  Arch  VE  be  a^  and  let  C/be  called  ;r, 

and^rbev.    Because  it  is  it  ii  =  ;ry,  it  will  Be  *f  =  n  and  *lfL  = 

y.  Aifo  it  is  cr.c/::r  jr.  iv^jT,  that  is,  ib:;f::*li?.i\rj!r^  which  • 

therefore  r&tJL.    And  becaufc  it  is /iyr.JVX^  I!  C/.  Cr,  that  is*.  ~ 

X  '  X 

V.x.Cf—a. 

If  with  Center  C,  and  any  Diftancci  C  G,  an  Arch  of  a  Cif  de  G  F  is 
defcribed,  this  Arch  being.  inteni^>ted  bft^een  the  ri^tLineC^andtfoe 
Curve,  will  always  be  eq^  to  the  conftant  right  Line  C  7*  or  a.  For  be- 
caufe  it  nVL-nCFzs.  CVxVE,  it  will  be  f'i  .  ^£  ::  CV. .  C  Fli 
VL.GFi  wheactFEzsGF.  If {romChtnafcdCR  =.f.E=FG 
s=  a  perpendicular  to  CG,  and  dmnigh  R  de  (^raMfnRS  parallel  toC  V^ 
R  S  will  be  the  Afymptote  to  the  Curve.  For  the  r^ht  Line  Af  5  is  " 
cqihil  to  Ae  ArdH' G  i?,  ahd  therefore  F5,  the  Difenw  Qf  the  Curve 
firom  RSy  i&  always  equal  to  the  Excels  by  which  uk  Argh  exceeds  its 
Sine.  But  when  the  Diftance  increafes  in  infinitum^  that  Excefs  will  be 
diminHh'd  in  h\fimtm^,-  and- at  laft  ^ill-be  leis  thiui  any  given  Line,  and 
therefore  R  S  wiU  Ke  an- Afymptote  to  the  Curve. 

Novelet  9  be  gi^ter  thah  a }  and  ih-like  Marnier  it  will  be  found,  as  in 

Ae  former  Cafe,  %\0iKNxi    ■    **  ■    ■  .~^»  ii^ut became* exceeds 
a,  iherefdle  c^  £ i*  —  i/*  will  be  a  pofitive  (^iafitity,  and- KN'd: 


ax 


..     then  ttiOang  tke  Raains-'  df  th6  CMt  HX^»,m 


flwUfindJrra     -  ^^^ >•    Maktf  ;f  ss  ilr,  andit  will  be  i^  = — 

CJl,  and  JL.  =  —  ^.    It  win  tealib*'  =jil ,  and**  +V'=4 
X*  X  %  a  a 


,»"*«•    ,4-    .   r  :  *. 


•  a*  as*  » 

Yoi..  IV.  Ccc  Therefore 


37$  Q^  *^  hfoirfi  Problem  rf 

Therefore  thde  VdtKs  bang  fttbAkated,  k  wUl  be..J± 


— ^^ — ^s  —  y.  FortheBcgtaningoftheAtchffrinajrbetakeo 
fucb,  that  it  majr  increafe  and  decreifecoeedier  with  the  Fluent  oF  the 
Qwui^tr     1^*^.-.    Make»f=«,anditwiUbe     "** 


^,  and -ii^^s  4 *^  =  the Scftor CJTr. 

Butitisigilf^-  .  ^f^         imb^.c^i  that  is,  in  a  given  Ra- 

tio ;  and  therefore  the  Se&or  C  X  Twill  be  to  .T^^      „>    always   in  a 

given  Ratio.  Therefore  the  Fluents  of  ihefe  Quantities  will  be  always 
in  the  iame  Ratio,  fince  they  are  fuppofed  to  begin  together.  But  the 
Fluent  of  the  Seftor  CXT  is  the  Scftor  C  ^  r  •,  and  the  Fluent  of  the 

Quantity    '^J^  ^     »  is  the  Seftor  of  the  Hyperbola,  which  is  thus 

ihewn. 
Fig.  158.  With  Center  C,  and  half  the  tranfverfc  Axis  C  F  =s  r,  let  an  eqiuhtexal 
Hyperbola  be  ddcribed,  and  fiiom  the  two  Points  D  and  F,  wiiich  are 
very  near  each  other,  let  the  Ordinates  D  B  and  £F  be  drawn  tx>  the 
Conjugate  Axb ;  alfo  draw  C  D  and  CF.  Now  the  Increment  or  Flux- 
ion ofthe Triangle  i? CD  will  be  equal  to  B  E  x  D  5  —Seftor  D  CR 
Whence  the  Seftor  D  C  F(which  is  the  Fluxion  of  the  Seftor  CFD)  will 
be  equal  to  5  £  x  2)  5  —  the  Increment  of  the  Triangle  B  CD.  And 
if  jBC  be  called  2;,becaufe  of  the  Hypcrpolaitis5Z)  j=5Cj  +  C^f 

=  2»  +  f »  .    Whence  B  D  zzz  •  f  *  +  2»  ,and5£  x  J5i)=ix 

•  V  4-  2» .    But  the  Triangle  BCDisizx  •?»  +  2»  ,  whofeflux- 


z  2* 


ion  is  T  z  X  i/r*  +  2*  +.-T  -.    Let  this  Quantity  be  fubtraft- 

ed  from  z  •  f  *  +  «» ,  and  there  will  remain  the  infinitely  little  Hyper- 


tSe  Lam  ^-fh:  CakfijteGpForcc,  jp^g 


'• 


<»« 


'ITimfoitttefkicntrft^  is  equal  to 

•  ;»+«» 

dicFlucntof  die  Quantity -4^J^.    Therefore  the  Seftor  Cf^D 

inli  be  Che  Fluent  of  the  Quantity  .^  Moreover  let  the  right 

Line  D  7*  touch  the  Hypefbola^  and  meet  the  Conjugate  Axis  in  T. 
From  the  Nature  of  the  Hyperbob  it  is  2?  C-  C^;:  Cf".  Cf,  that  is, 

2; .  r ::  r .  if.  =  CTsz  z.    And  hence  arifes  this  following Conftru£tion. 

With  Center  C,  and  half  thc-tranfverfe  Axis  C  ^,  let  an  Equilateral  '*•  «St- 
Hyperbola  ^  jw  be  defcribed,  and  alfo  a  Circle  Fe.  Let  the  Circular  Sec- 
tor CFe  be  taken  in  Proportion  to  the  Hyperbolic  ScStorCFm^  ^  ^^ 
I )  let  the  right  Line  fm  touch  the  Hyperbola  in  id,  meeting  the  Con- 
jugate Axis  ia  Tj  let Ce  be  produced  to  i,  fo  that.  Ck:=iCTy  and  the 
Point  *  will  be  in  the  Curve  required.  For  that  Curve  is  fuch,  that  if  Ci 
be  called  x,  the  Perpendicular  let  fall  from  Cupon  the  Tangent  will  al- 
ways be  equal  to  — .     When  x  is  infinite  ^*  vanilhcs,  and  tlie 

i/  i^^  +  X* 
Ptrpendicular  becomes  equal  to  a^  and.thea  C  R  coincides  with  CK    If 
therefore  in  the  Conjugate  Axis  be  taken  CR^za^  and  RS  he  drawn  pa- 
rallel to  CFj  this  will  be  the  Afymptote  of  the  Curve, 

If  a  be  fo  far  increafed  that  the  Quantity  ^*  —  a*  may  become  infinitely 

little,  then  c*  will  vanifb,  and  the  Quantity  .  ^        -will  be^Aif.— 


x\/  x^  +  c^ 
y.     Whence  if  the  Fluents  of  ihefe  Quantities  are  taken,  we  fhall  have 

=jr,  and  ba  zizxy.   That  is,  the  Reftangle  under  the  Circular  Arch 

and  the  Diftance  of  the  Curve  from  the  Center  will  always  be  a  given 
Quantity.  And  upon  this  Account  the  Curve  will  pafs  into  the  Hyper- 
bolic Spiral.  >Therefore  the  Hyperbolical  Spiral  is  a  Kind  of  intermediate 
Limit  between  fuch  Curves  as  are  conftrucled  by  Circular  Seftors,  and 
thole  that  are  conftrufted  by  Hyperbolical  Sedors.  Therefore  that  Hy- 
perbdical  Spiral  may  be  conceived  to  be  formed,  either  by  a  Sector  of 
a  Circle  or  Ellipfis,  or  by  a  Seftor  of  an  Hyperbola,  whofe  tranfverfe 
Axb  is  dimtnifhM  ad  infinitum^  and  the  Number  n  is  increafed  in  the 
£uDe  Ratio. 

Now  we  come  to  that  Cafe,  in  which  the  Velocity  of  the  Body  is  lefs 
than  that  which  is  acquired  by  falling  from  an  infinite  Diftance,  and 

yrhadnp^sii  And  here  by  a  like  Reafoning  as  in  the  former 

C  c  c  2  Cafe 


1^  0/  *fe  fmtik  J^MfrnXof^ 


w 


C^fe  we  ihaU  find  IT  ^55:r^4J=sa=m3=jB*  lAmtmO: 

v'^*«  — <i»  —  X*  "... 


<»*  __^.,      ,.      „.-      '.j^     1>,ax 


:,  and  therefore  JT/"  or^ 


.^  .r5  *?  *  2f 

and  It  wUl  be  f » — •  *»  =  -fl  x  ---? —  j  which  Values  being  fubftituted 

^  Willi  he  -7-,  T  ... -I^ik^a;--    ^,_^.?s  -r-ij.    ^or  fiiqh,  a  B^iuMng 
fi<2f.* — .cS    «•«»  —  (»  * 

is.  to;be.4(figned  tt>.thft  Arch  ^^,  dull  ic  may  bog^  cogecher  vntth^A 
Muentof.the<^antit7-il==;-     Whence  it  will  l?e    ^^^^^r 


=;-J-*3'  =  Sp<aQrC2rr=-i2:S:^,  byn»king»f  =  «.     But  it 

is  Tit^z —  .  ,T^^_  ;..  ::  »  A* .  ^,  that  is,  in  a  cooftant  Ratia 
Wherefore  the  Fluents  of  thefe  Quantities  are  in  the  fame  Ratio.  That 
iS;,  the  Fluent  of  the  Quantity  ib'y  or  ^  "   *  ^  -.y  will  be  to  the  Fluent 

of  the  Quantity  '^/''^  ,  a*  » i&*  toe*.  But  the  Flu€»t<rf:*ftQiian. 
tity-i  by  is  the  Seftor  CyXy  and  the  Fluent  of  the  Quantity -L'*  * 


is  the  Seftor  of  the  Hyperbola,  which  is  thus  proved. 
Fig.  160.  With  Center  C,  and  tranfverfe  Semiaxis  CF:szc^  let  an-EquUaienl 
Hyperbola  be  defcribed,  and  from  two  Points  B  and  D  that  are  infinitdy 
near,  let  the  two  right  Lines  B  E  and  DF\k  drawn  as  Ordinates  to  dta 
.^jds.  Alfo  draw  CB,CD.  And  the  Fluxion  or  Increment  of  di«  Tn* 
angle  C5  £  =  to  the  Triangle  CBD  -^BExEF.  Whence  the  Tri^ 
angle  C  B  D^  or  the  leaft  Se£bor  C  B  Dt  will  be  equal  to  the  Incretnest 
9f  theTriapgle  CBE-^BExEF.    Let  CE  be  called  z,  and  it-wiUte 

»E  =.♦<«*  — •/%  and  JS £ X  5  F=3 », V  z*  --.^*-    4Iia  th»  Tri- 


*BglftCJJ;.£  s=.^»  ^V^-7%."«?Ju)lc  Flujwn  isi.JLtCs^  !rK' 


« 
X 


the  hamkif^  Ccati^pettd  9)rce. 

<^»'— ^'  ;^    ^  , •  •.     ..     j...^ 

•  «»— ^  ".    ., 

-^4.»z»^r^x2;*^^_-  4,f*g    ^     T/Wicncditisplabithatthe 

Se£tor  C  5  £  is  the  Fluent  of  the  Quantity  "^  ,     Moreover  it 

5f  the  Tangent  of  the   Hyperbola  meets  the  tranfyafe'  Axis  in  f, 
tom>dii:Nati^e  of  the  Hypevbola  it  wilt  be  C£ .  C  F  t;  C^.  C  f  % 

th^t  is,  2 . f ; : c r  =C Tzz  y.  .       •  M. .. 

r.       »  .     2  '        .  /  " 

'Hence  we  deduce  the  following. Conftru6lion.  With^  Cen^  Cj.  and  yjg,  x6i; 
tranfrcrfe  Semiaxis  CF^zCj  let  an  Equilateral  Etyjperbola  y^  be.defcri- 
bed,  and  a  Circle  C  ^  G  from  the  fame  Center  C  lo  the  Hyperbola'diaw 
the  right  line  C  B,  and  let  the  Tangent  of  the  Hyperbola  iT  miieeLtke 
tranfverfe  Axis  in  T*.  Let  a  Sedlor  of  the  Circle  (fFe  be  taken,  which 
iray  be  tp  the  Hyperbolical  Se<ftor  C  VB  as  »  to  i.  InCe  take  CK  = 
C  ^^  and  K  will  be  a  Point  in  the  Curve  required* ;  whofe  Perpendicular 
let  fall  from  the  Center  C  to  the  Tangent  at  X,  if  CX  be  called  x^ 

will  be  equal  to     ^  ^    .1     .' 

And  a  Body  will  move  in  this  Curve,  if  afted  upon  by  a  Centripetal 
Force  which  is  reciprocally  as  the  Cube  of  the  Diftance,  if  it  proceeds 
with  a  due  Velocity  according  to  the  Diredtion  of  the  Tangent.  Kow 
what  this  Velocity  muft  be,  which  Ihall  make,  the  Body  defcribc  any  of 
thefe  Curves,  will  be  thus  found; 

Since  the  Velocity  with  which  a  Body  moves  in  any  Trajedory  is  reci- 
procally as  dV5  Quantity  jp,  afluming  any  conftant  Quantity  a^  that  Ve^ 

lodty  may  always  be  expounded' by  — ,      And  if  to  the  Axis^  C  V  Ordi- 

ii0le9  are  dra.^n,.  which  are  redprocally  as  the  Cubes  of  the  Diftances 
from  the  Center,  or  as  the  Centripetal  Forces,  and  by  this  Means  a  Cur- 
vilinear Figure  is  defcribed  ;  its  Area^  indefinitely  extended  may  always 

be  expounded' by  — ,  as  is  manifeft  from  the  Do£h:ine  oi  Quadratures. 

But  thgt  Area  is  as  the  Square  of  the  Velocity  which  is  acquired  by  falling 
from  an  infinite  Diftance,  and  therefore  the  Velocity  acquired  in  this 

Cafe  will  be  as  — •    Hence  if  this  Velocity  is  caUcd  y^  tod  the  Velocity 

with 


^  .  .  Of  Hbt^hfowjk  <BrMm^^ '  ^ : 

^^ wlfich  the.Bod7  mcnres  19 theTrajeftorv becalledi^ ;  and « «43 
mi^be^..i^;;— -.  ^\  it  will  he  every  where  and  at  all  Diftanocijr. 


vi:  A.  ±^::p.  4:.  Whciitcif>  =  v,itwiUbe^=4f.aiidthc 

Curve  defcribed  with  this  Velocity  will  be  the  nautical  Spiral,  ora  Qide 

if  ^  =  X,  and  a^b. 

ify  is  greater  than  v,  then  ^  Will  be  greater  than^«  and  it  will  be 


'cqu?i  ta'.  ^^  ..    M.1  as  appears  from  the  foregoing.    Now  the  Curve 

will  be  conftrufted  by  the  Hyperbolical  Scftor,  as  was  (hewn  in  the  laft 
Cafe,,  where  the  Diftance  of  the  Body  from  the  Center  is  determined  by 
the  Concdiirfe  pf  the  Tangent  of  the  Hyperbola  with  the  tranfverfc  Axi& 
If  ;^  bep;cater  than  v^  but  in  fo  fmall  a  Ratio  that  *  continues  greater 
than  a-,  the  Curve  will*  be  formed  by  the  fame  Hyperbolical  Sefton 
But*  the  THftance  of  the  Body  from  the  Center  is  taken  front  the  Con* 
courfe  of  the  Tangent  with  the  conjugate  Axis. 

If  it  bty  .vllp.Xy  in  this  Cafe  it  will  be  a  =r  3,  and  the  Curvfe  be* 

comes  an  Hyperbolical  Spiral,  in  which  it  is  /)  =  ■  Hence  if 

the  Body  be  projefted  from  any  Place  according  to  a  given  right  Line, 
with  fuch  a  Velocity  as  may  be  to  the  Velocity  acquired  by  falUng  from 
an  infinite  Diftance,  as  the  Diftance  of  the  Body  from  the  Centqr  to  a 
Perpendicular  let  fall  from  the  Center  to  the  Line  of  Diredbion ;  that 
Body  will  move  in  an  Hyperbolical  Spiral.  Laftly,  if  v  be  fo  much 
greater  than  j^,  that  a  may  alfo  be  greater  than  ^,  the  Curve  will  be  con- 
ftrudted  by  Circular  Seftors.  And  thus  from  the  given  Velocity  the  Re- 
lation of  the  Quantities  a  and  b  may  always  be  determined,  and  there- 
fore  the  Curve  will  be  defcribed  in  which  the  Body  ^U  move  with  that 
Velocity.  And  on  the  contrary  the  Curve  being  given,  or  the  Quand- 
pes  a  and  b  being  given,  the  Velocity  may  be  found  with  which  that 
Curve  will  be  defcribed. 

The  Areas  of  all  thefe  Curves,  excepting  the  Circle,  which  can  be 
defcribed  by  the  Aftion  of  this  Centripetal  Force,  are  perfectly  Qua- 

drable.    For  firft  in  the  Logarithmic  SpmJ,  becaufe  it  is  p  =  ^^  ,  it 

will  be  JC J\r=  '=  — ,  fuppofing  i»  —  ««  =  r*.  Fig.  155. 

and 


tie  Laws  tf  fhg  CeatsipttBlFctoe.  3.83 

flMlitiacfbK  theTriangleC  JT/si^^^.  whofe  Fluent  i»  :£^wUck 
is  die  Area  of  the  Cuire. 
If  it  igp=    *** — ,  and  a  begnaterdiaii^,  hhas  been  fliew*d  dittJQV 

,_l»_s_v^cnccJCJVx4Cr=:-iiii--,  whofe  Fhjenti«4? 

4  ^  ;f»_f»  =  Area  of  the  Curve. ,  But  ifabe  lefs  than  ^»  it  is  Jiri\r= 

»«  andKNx^CJzz  .r'"*    .whofeFluentisJ-iiv^x*4-g' 

•>  +  f»  •  *»  +  f» 

—  ^=1  Area  of  the  Curve.    Suppofc  x  =  o,  and  it  will  be  4  «  f  —  ^ 

=:  o,  whence  ^=  4  fl  r,  and  the  Area  hi  a  •  x*H-^  —  4.  itr. 

In  the  HypeiboUca)  Spiral  the  Quantity  (  vanifhes,  and  the  Area  of 
the  Curve  becomes  i:a». 

•  • 

If  ^  =     ^^       -.  it  has  been  ftewn  tliat  JTJVs:     ^^  ,    .-;  whence 

^  ^  —  x»  •  r*  — .X* 


iC/xiVX=.3A^i=^,whofcFluentis^— 4tfi/^»~;r»==  Area. 

Makex  =  o,  andit  will  bc^— iiirsso,  or^=i4i^.    Whence  the 

Area  will  always  be  T  tf  r — iai/  c^-^x*.  Make  c*  —  ;f*  =  o,  or 
X  =:  r,  and  the  Area  of  the  Curve  will  be  4  ^r  r.  Whence  if  the  Begin* 
ntng  of  die  Area  is  not  taken  from  the  Beginning  of  x,  or  where  ;r  =  o, 
but  where  x  =  r  is  the  greateft,  that  is,  if  die  Area  begins  from  V^  {Sa 

Pig.  160.)  the  Area  vnil  alwavs  be  equal  toia  •  r»  —  x*  . 

The  moft  fkiUul  Dr.  Halky  has  obferved  what  follows,  concerning^ 
the  Areas  which  are  defcribed  by  Bodies,  by  Means  of  a  Centripetal ' 
Force  which  is  as  the  Cubes  of  the  Diftances  reciprocally.    Which  is,  if 
Bodies  by  this  Law  defcribe  different  Circles,  or  difierent  Hyperbolical 
Spirals  ;  the  Areas  of  the  SeAors,  as  well  in  Circles  as  in  all  thofe  Spirals, 
wiH  always  be  equal  when  defcribed  in  equal  Times.    For  the  Velocities 
of  Bodies  moving  in  Circles  by  this  Law,  ought  to  be  reciprocally  pro- 
portional to  the  Radii  ot  Diftances,  and  therefore  the  Arches  defcribed 
in  the  fame  Time  will  alfo  be  in  the  fame  reciprocal  Rado  of  the  Radii  ^ 
whence  it  eafily  appears,  that  die  Seftors  defcribed:  in  the  fame  Time 
will  be  iequal. 

In  all  other  Curves,  fincc  die  Velocity  ji  to  die  Velocity  pf  a  Body  mb- : 

ving  in  aCiiclc  at  the  iame  Diftaoce)  as  -y-  x  a^  to/,  (/?^.  is6.)  or  as  > 


lioe  IK9  another  Body  moving  at  the  fame  IKftance  will  defcrib^  iiii 
Akli=-— xlTiV:    And  the  Area  ot  the  Circular  Sc6tor,  and  that  of 

tte  Tn^ca^ry  ddbilx^  ia  the  £ttm:Tune».i^ 

zndKNx  ^CN,  which  two  Areas  are  in  the  given  Ratio  of  ^  to  a. 
Whdrefore  ^en  it  is  ^a  =  ^,  as  it  is  in  the  Hyperbolical  Spiral,  the  Area 
fo  dcfcrihed  will,  always  be  equal  to  the  Area  of  the  Circular  Sedor, 
defcribed  in  an  equal  Timer. 

^9  find  the         VH.  A  Definition.  The  Center  oFOiaUationisacertainPcMntin  apen- 
dnterofOf-  dulous  Body^  all  the.  Vibrations  of  which  are  performed  after  the  lame 
cMuhnihy  Manner; and- in  thc  .&aie  Time,  as  if  that  only  were  fufpended  on  a 
lor,  n^  337^    Thread,  at  the  fame  Diflance  from  the  Point  of  SufpenTion. 
p.  II.  It  is  hardly  plain  enough  of  itfelf,  that  there  is  fudi  a  Point  in  a  Body, 

the  Acoelepftdon  of  which,'by  this  Definition,  ought  to  be  the  fame  in  all 
Inclinations  ef  the  pendulous  Body  to  the  Horizon,  as  if  it  was  a£hjated 
only  Jby  its -own  Gravity  ;  the  other  Particles  of  the  whole  Body  giving 
no  Itnpcdiment  to  its  Motion.  Therefore  in  order  to  the  Inveftigation 
of  this  Center,  a  Propofition  or  two  muft  be  premifed,  whence  it  may  ap- 
peal tfeat  there  is  fuch  a.Poiht.   ' 

.Prep.  I.  Pr4>b.  I.  Itt  liny,  given  Iridination  of  a  vibntting  Body  to 
the  Horizxm^  to.  find  a  Point  the  Acceleration  of  which  fh^l  be  the 
f^mcj.  as  if  id  wore  ur^ged  only  by  its  own  Gravity. 
Fig.  i6a.  IjfX.,  A  fi(D:  bea.  Sedioa  of  the  propofedcAody  in  a  Plain  peipendioufar 
to  the  Horizon,  in  which  the  Center  of  Gravity  G  is  mov^d,  C  being 
the.  9ecit€X,X)f  Swfpenfiaa..*  l^et  tiie.Bf)dy;be  diftingjtfiflied  into  Prifmatical' 
Element?  pirpendjcul»-;io,fthe  Plain  A  B  D;  and  therefore  always  paraM 
to  .the  Hor^n  i  as  will  eafily  appear  from  the  Motion  of  tht  Center  of 
Qravity  G  in  that: Plain!  A,B D.  -^nd becaufeof  this  Situation,  any  fuch 
Element  may  be  c6nfider(ad  asa  Ptyfical,  Pointy  .placed  in  the  fame 
Plain  A  BhD  at.  the  ^oint  i..  Therefore,  let  the  Body  propofed  be  re- 
duced to  the  Phvfic^  Plain  ABC,  confining  of  fuch  Particles  p. 

In  this  Plain. that  the  Point  O  may  be^foiiod,  whofe  proper  Accelem* 
tipa  is  npf  changed  by  the  Aiftiqns  of  the.  other  Particles^  we  muft  give 
Attention. to  the  Foisce  of  every  fingle  Particle  p  fmiate.  in  the  Point 
z.  For  from  thefe  Forces  being  conjoin'd,  arifes  the  abfolute  Motion 
of^thp  whole  Plain*  By  means  of  thn.  h  given  the  Motion  of  every 
Point  propolcd,  whence  in  its  l\irn  is  found  that  Point,  the  Motion 
ofr.which.is  giyea 

But  the  Particle  p  will  be  tilled  by  the  Force,  of  its  own  Gnmty, 
wkich  in  a  given  little  Time,  if  the  Cohefion  of  the  Particles  were  dtf* 

folve4) 


The  Center  of  OfciUati$H4^  3% 

foircd,  woqU  produce  a  ^ven  Acceleration  of  Motion  in  the  Perpend^ 
cular  to  the  Horizon  xj,.  litz:^y  x  perpendicular  to  Cz,  and  die  Ac- 
celeration zy  will  be  reiolv)^!  into  the  Parts  z  x  and  xy.  Becaufe  of  the 
Rigidity  of  the  Body  the  Force  zx  will  be  taken  away  by  the  Refiftance 
of  the  Point  C.  But  by  the  other  Force  xy  the  Space  ABD  isjdrawn  round 
about  the  Point  C.    And  drawing  an  Horizontal  Line  C  ^,  and  a  Per- 

C  s 
pendicnlar  »  J,  it  will  be  as  — -  •,  becaufe  of  the  given  Force  of  Gravity, 

K0fZ 

and  the  fimilar  Triangles  xyzmdsCz.    Therefore^  the  Force  of  th^ 

C  s 

Particle^,  to  move  the  Space  A  B  D,  will  be  as  ^—  xp. 

C  z 

To  coUe£t  thefe  Forces  together^  let  O  be  an  invariable  Point,  in  'a 
Line  drawn  at  Pleafure,  and  at  a  Diftance  C  O,  which  is  yet  unknown. 
Then  the  Force  of  the  Particle^  to  move  the  Point  O,  will  be  as 

■  Xt^  X  a  that  lis,  as  — -i  x^.    But  the  Acceleration  which  p 
C  O      Cz  CO    ^  ^ 

contributes  to  the  fame  Point  O,  will  be  as  -5=—^  y^T^^     Therefore  the 

C  z     Cz 

C  i  CO ytCS 

Force  ^  x  p  bang  apply'd  to  the  Acceleration     _  "^ ^  the  Quo- 

CO  C  z  q 

tient  will  be  -^  x  Particle  py  which  if  it  be  fuppofed  to  move  in  the 
COj 

Point  O  widi  the  lame  Acceleration — j^ — L,  would  produce  the  fame 

C  z  { 

Motion  intirely,  as  the  Particle  p  produces  in  the  fame  Point  O.  Thus 
at  laft  tiie  Problem  is  reduced  to  a  well  known  Theorem  of  Motion  i 

Cs 

for  the  Sum  of  the  Forces^—  x  p  bebg  ^ply'd  to  the  Sum  of  the  Par- 
ticles—?-? yipi  the  Quotient  will  be  the  abfolute  Acceleration  of  the 
COf 

Pc»nt  O.  Then  drawing  the  Perpendicular  O  o^  and  fuppofing  this  Ac<» 
celeration  to  be  equal  to  the  ^ven  Acceleration  _^'of  the  Point  O,  the 

I^ahce  C  O  will  be  given.    For"  let  -— ^  =3  </,  ^d  by  the  Method  of 

F!u}dooR'tisC/x^ssM,andCzy  x^  =  C.     Then  becaufe  of  C  O 

C  s  M 

being  invariable^  the  Sum  of  all  the  Forces  will  be  -^^  x  p  =  gQ>^4 

the  Sum  of  sdl  the  Particles  — ^  xpzz  7^^ — .  Whence  applying  the 
•Vbt.IV.  Ddd  Sum 


a84  Hie  €mt€r  of  Ofcittaiim, 

6rxmci&c  l/lotatofitei  ihc  Sum  of  die  Bodies,  it  ^bp  ^  k  p  Q  s 

^,  9nd  chexefbfc  C  O  =  .^.    Thodbr^  C  and  M  JbwQ«  foHi»^  C  Q 

•wUl  \k  giy/en  by  the  Miyerfe  Method  of  Fkuooas.      .  ^  J^,  /. 

Cor.  from  the  Center  of  Gravity  G  dfav  G^  perpendicular  to  the 
Horizontal  Line  C  o,  s^  let  the  Body  «felf  A  B  Cbe  calVid  A.  T^t 
from  the  well  known  Property  of  the  Center  of  Grayity,  it  will  be 

M=C^xA.    Whence  it  is  CO  =  ;,-^£_. 

Prop.  %.  p/epx.  I.  The  faip?  Things  bong  fuppoled,  let  the. Point  O 
be  fou^t,  in  the  right  One  C  G  pafling  through  ti»e  Center  of  Gravity 
G";  tficn  will  O  be  the  Center  of  Ofcillation  ofthc  Body  A. 

Fpr  in  thisCafc  it  is^=^^-  =  d,    When<?5  C  O  =  (J^  .-^ 
tig.  163.  '  -    -   CO      C  G  ^  C  ^  X  A 

by  tor.  oiPr^.  i.  =s  ^  -5^     ,.    But  A  is  given*  99^  the  Ptwit  C 
/ CG  X  A       ■  ■ 

being  giyen,  C  G  and  the  QuvJtity  C  are  given.    Whence  C  04s  ^ven, 
whatever  be  the  Inclination  of  the  vibrating  Body  to  the  ijoriaon. 
Therefore  by  the  Definition,  and  by  Prob.  i.  O  isthe  Coitpr  ofCMcilla- 
tion  of  the  Body  A.    ^  E.  D. 
Prop.  3.  Tbeor.  %.     The  fame  Things  bang  fuppofed,  let  D  be  the 

Aggregate  of  all  the  G  2»  xf.  ThenitwiUbeCO=C  G+g-g— ^ 

Draw  2  F  perpendicular  toCG^anditwiUbeCzjt=sCGf+Q»f 
—  2  CG  xGF,\yhenF  falls  between  Ca^dG.  But  when  F  fells  in 
C  G  produced,  it  will  be.  Cay  =  CGj  +  G«  j-*- a  CGx-GjC 
Therefore  C  =  (Aggregate  of  all  the  C  zj  x  ^  = )  Aggr^e  pf  all 
-.  ,g,  theXGjx^-4-Gz^xp  —  2CGxGFx/>-tr^CGxGEx>>.  J^. 
*  ^  becaufe  of  G  the  Center  of  Gravity,  the  Aggregate  of  all  the  2  C  G  x  GF 
3(p=sAggregateof4llthe2CGxG/xJ.     Wiietcfboeitis  Cs^.tkft 

i^|;regateofaUttseGG^x^4.C«£x^  ssC.Gfx A-i,D-    Buic 

by3:&*w«»i.itisCO=  =,-£-2..    TheitforeCO=rCG+«7^- 
'        CQxA  -  '^G*j^ 

^  E.  B. 

Cor.  Hence  the  FiuiaUelogram  CO  x  G O  is £^v«tK   For it-is^Oxt 

g^-g.    ButA«ndDaiegivau    ThercfoicCGxGO  =:-^  ^ 

pvcn. 


Tit  CM^  hf  0/citktm:  3§< 

prop,  4.  tbetr.  3.  The.%ne  Tlungs  being  (uppofed,  if  in  the  Point 
a  the  Fhyfical  Particle  ^^  ■■  is  conftituted,  which  being  aaoatad 

hi  its  owtf  ^ra^itv  (hall  ribrate  aboOt  lii^  Pdint  C  s,  die  Mbtion  of  the 
Space  ABC  iliall  be  juft  the  iame,  as  if  it  were  agitated  by  the  Ofcil- 
lalaonof  theBody  A>  , 

It  is  evident)  as  well  from  the  Nature  of  the  Center  of  Gravity*  as  by 

Proi.  IV    Fbr  ^|^'  is  the  Aggregate  of  aU  the  !^2Lf=  j|.. 

Pr^.  Sf.  Vrci.  %.  The  Nfegpitude  of  any  Bod^  A,  the  Center  of 
Gravity-Grand-ehePbintofStllpenfion  C  beihg^vehj  to  find  O  dfie 
Center  of  Ofcillation  of  the  fame. 

.  if  ifrp^6rRi'db^  '^ht».  \.  byrfincfing  the  Quandr^  C ;  or  hjlCbetfr. 
%.  by  feekiagtte  Quantity  D.  ^ 

Scbolhmh  Fofpei^ormihg.tkeCalciilation  in  a^  ptfticnlii^  C^  the 
Q^^yiC  or  Bis  to  ixmSdi  dicik  ofy  according  as  th^Natnte  of  the' 
propofed  Figure  Ihall  fuggeft.    Then  either  of  ttem  being  given,  the 

other  alft^wiH  begivenby  thefiqUatiottti'^^>-^)^         G  j'x  A+D.^^ 
Whence alfowiU'begivcn  the rParaUetogfam'CG  «  GO==L~  (Cor^ 

i  A 

A 

^  aAd  theftoifiit  Of^t>%Mi(!*!i  bcir^^giVcni  the  Cent*  bfOfcfl^ttoii^ 
is  ^ven  by  DiviOon  only.  —Therefore  in  every  Eiqunplq  it  will  always 
iMinoftconvem^t  .to  fipd  this  PabiPelog|&in-.^rft^  A^  by^tlie:Gom-' 
putation  of  D,  or  by  the  Quantity  C,  by  a  proper  AfiUmption  of  the 
Center  of  Sufpcnfion.  .  ..,  •  ;  ^  -  .  ..^  ,  -,  . 
'  VWiarretfiaifeiiis;  tdlUuflraie^Eirby  ibrnf  ESdmplesV         '  ' 


Ex.  I.    Let  the  Fig:ure  propofed  be  the  Pyramid  A  P  C,  wifoif  Bafc.  Fig.  165- 
ii  tKe  Parlfllelo^flh  A*D,-aiKi  lei  tfife  MWiiir oftlifeXenter^df  Gfa^j" 
be  in  a  Plain  pal&ngv^^hrough  the  Vertex  Q  and  the  Diameter  of  the  Balq 


£^F  pateM^e-tW^e^A^B? 

To  perform  the  Calculation  moft  conveniently,  let  the  Vertex  itfelf    Fig.  166. 
G  be^tfc  Point? of  Su^hfidn...  Then  ia.tl^e  Mairoci;i,of  j^fl*tj>  \tv 
the  Figure  be  reduced  to  a  PRyfical  Plain  of  the  Ifolceles  Triangle 
C  E  F,  in  whiSEh  ef  parallel  to  E.F  rcprefents  a  Phyfical  Lii>e  com-. 
pofed irPaftides  p:     l^Q ri*=i a;n¥ d% ^a«d C r=^ V/    Tlicn 

from  the  Nature  of  the  Figure  it  will  hcebzz  — ,  •  ani-  the-  hittiAer  p 
pftWNl attllftrfPbiftt  af  \rtll'bfe  u'-m    Of « Ath8f(i rt&ktegl  b'ji  ^ o^tfien 

v.x  wm1)e*tRc'B^e'oiFthe'^eAendiit''  Pfifm,  aftd  p^id^yk'^mxy! 

D  d  d  2  Mnience* 


388  ^  Ce^er  of  CfdBdtUn. 

Whence  it  willbeCssCzjxixxsii  »»+*«»**.  TbcRfore 
the  Sum  of  all  the  C  z  q-^f'm^lM^b»  wiUbe  vxx*  4.  \xxv'  i 

arid  in  the  Line  //,  (putting  —  for  w)  that  Sum  will  be  ^^*'  +  »** 

*      .  3  * 

X  X  X*,    Whence  again  taking  the  Fluent,  and  writii^  «  for  x,  it  wi^ 

beCsliili^xa*.  ButtheP7raniiditlelfisA=lllf,and 

»5  3 

^)t  Diftance  of  ^  Center  of  Graviqr  G  from  the  Vertex  C  is  C  G  = 

ia.    Whence£.-CGj=^  =  CGxGO=.?4l±^ili:. 

Ex.  2.  Let  the  Figure  propofed  be.  an  ere&  Cone,  ddfcribed  hj  the  Ro- 
tation of  the  Ifofceles  Triangle  £  C  F  about  the  Perpendicular  C  H. 

Here  again  taking  the  Vertex  C  for  the  Center  of  Sufpenfion,  and 
makii^CH  sstf,  H  £  zs.htCb  =x,  bz^v^  as  above  }  it  will  be 

^  =  « ivi/'STx--r«'»;  whence C=s  2  vxx  xTIfTvx 

^^^  >tK  —vv     Let  B  be  the  Segment  of  a  Circle  defcribcd  with  the 

aa     ■  - 
Diameter  «/,  which  •djoins  to  the  Abfcifi;  *  js  =s  v,  «d  to  the  Ordinate 

i^LttfX'-^vv.    Then  the  Sum  of  all  the  C  zg  x^  in  the  right  Lint 

aa  .. 

i&z  =  2ix±2liilxjf*B  — 4^*«  xil*'  — vA^.  Andfinoe 
V  s«  »,  this  Sum  will  be  a  «  x  ^^  \  x*  B,  the  Double  of  which 
££lJlilx«**BisaPartofCin*/.    But  the  Area  B  is  as  **  j 

therefore  B  =  c  x*.    And  that  Part  of  C  viU  be  ^'*^,"^      xe  xx\ 

Atf*+^*xf«*.     But  Ae 
;Whence  taking  the  Fluent  it  wiU  be  C  ss  7      ^ — 

'  •  5 

Concitfclf  A=4caS  andCG  =  ^>,     Wherefore -^—CG 5= 
D        3  «•  +  12  *• 

And  in  the  fame  Manner  the  Calculus  proceeds  m  other  Figures, 
wherein  the  Rado»s  ofC*to*6  andof  *»  to^  ««  ftiU  oiort  com- 
pounded.    ^' 
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'^fr.j.  iThae  the  Manner  of  dteCalcuiadon  of  the  Quantity  D  may'^tpear.    Fig.  167- 
Itt  thepropoled  Figure  be  a  Parallelepiped,  whc^  Face  perpenaicnlar 
to  the  Horizon  is-  A  B  D,  parallel  to  the  Plain  of  the  Motion  of  the  Cen- 
tier  of  Gravity^    tk^xSat  Diameters  E  F  and  H  I,  and  let  the  Altitude 
of't^'  Elements  be  .^  p^  and  draw  /  r  parallel  to  H I.      Make  G  F=:  a^ 

GHs^,  Gisy»and^z  =  T^.  Then  it  willbeDs  vx^i^+Z^v^v.' 
Whence  the  Part  of  D  in  the  right  Line  /  r  will  be  2  ^  x  x^  4.'  2  ^'  x ; 
s^d  again  taking'ttjc  JDouble  of  the  Fluent,  it  will  be  D  =.  ^.^  ^\'f.^t^. : 
BtttA=a4«*.    Whena  J^Lssildhil-ST^DBj. 

!     .  A3 

Ex.4.    Let  the  1#.  pxample  be  in  the  Sphere,  whofe  greatc^  Circle . 
is  B  /  r.  Diameter  A  B,  and  Center  G.    Then  drawing  Lines  as  in  the  •  ^«-  '*• 

Scheme,  it  will  be'  D  =  G  j  j  x^  +  G  M  y  x  j).    But  the  Sum  of  all  the , 
(s^q  xpin  the  right  Line  /  r  is.G  j  j^,  drawn  into  the  Area  of  the! 
Circle  defcribed  with  tfe  Diameter  /  r.      Alfo  Ac  Sum  of  aft  dieG  M  q  [ 
yrf  in  the  right  Line  *  /is  G  M  ^,  drawn  into  the  Area  of  the  Cittle  de- 
fcribed with  the  Diameter  *  i.    whence  it  eafily  appears,  that  D  is  equal 
to  lour  Times  the  Fluent  ciG  s  j  into  the  Area  oFthe  Circle  whofe  Dia- 
meter'is  /  r.    Let  therefore  c  be  the  Area  of  the  Circle,  the  Squire  of 
whofe  Radius  i;;  r,  and  let  it  be  G  A  s  ^,  and  G  j = x.     ThenJt  will 

be  t>  =5.4^  y*  x  /  a^  7— V  x*  =  4  r  a  *  x  x*  •— 4/ix*.    Whence  taking 

the  Hucnt,  and  making  x  =  tf,  it  Will  be  D  =  —  c  a\     But  A  =5^ 

^5  " 

AC  a^\  T«ru         Da 

3 Whence--—- =—  a  a. 

'3     .  A.     5  \  ^        . 

Becaufe  of  the  Affinity  of  Solution,  I  have  a  Mind  to  add  here  a  Pro- 
blem concerning  the  finding  the  Center  of  Percuffion. 

Prop.  6.  Prob.  3.  To  find  the  Center  of  Percuffion  of  any  Body, 
having  a  Rotation  about  a  given  Point,  which  Point  muft  be  fuch,  that 
a  Body  ftriking  s^ainft  it,  and  at  the  fame  Tihie  being  let  loofe  from 
the  Center  of  Sufpenfion,  ihall  incline  neither  this'Way  or  that  Way% 

Firft  it  appears,  that  this  Point  muft  be  fought  for  in  the  Plain 
of  Motion  (^  the  Center  of  Gravity.  For  if  the  Body  is  refolved  into 
Frifmatic  Elements  perpendicular  to  that  Plain,  they  yrill  be  carried  by  a 
Motion  parallel  to  one  anotJier ;  whence  the  Moments  on  each  Side  of 
that  Plain  will  be  equal  2  Therefore  by  the  Refiftance  made  in  this  Plain, 
no  Point  of  the  Body  will  be  driven  out  of  it.  Therefore  let  that  Plain  • 
be  A  B»  to  which  let  the  Body  be  reduced,  bv  a  Contraction  of  the  Prif^  Fig»  169^ 
matic  Elements  into  Particles  p  fituated  at  the  Points  z,  as  in  Proi.  i. 
In  this  Plain  let  C  be  the  Center  of  Rotation,  or  at  leaft  its  Proje^on 
' -  .  -  ntSiAc 


made  Uy.a  I4«^iet;  f^  pqa^fiMlftpls  iift«fi  ^^ 
tte  Point;  ibught.  Through  C  d^w  C I  ai  Pk^ufe,  19  ^A^  1^  |w»i 
F9in^.»a94  ^>  fo. that; drawing; 2;  Q  aa|  g  Q^j  .til^4«PgiQ:  C^Q^tSiar 
l^Qilt^fc,.  ai?a  tbc^iuiiriq  C4Q  «w;fji  anjd,  m  ,th(^JPbinta-  9.«a  ^1«- 
th^r^W  particles  p  a^db  ^^  ;Thai  df  j|^^£  Z'  r^  and^  ^  ^peq^eiidiaulM'  Qt 
C  g,  whicn  may  be  to  each  other  as  C  2  to  C  |,  by  thefe  will  be  repre- 
%i$c^t]bQ{^l)r«l^t«Vdsii^  /fittttxttakdEtek; 

of  thefc  Velocities,  which  are  in  the  Diredions  of  z  O  and  |  Q,  are  taken 
^fwy  i^Ji  t^l3lefiftaDce:b£  tbeBooic.Q^  ;  Diaw  CI$^C  ipd)>«fidteuM 
lar  to  Q^^,ajp4  Q^?,  and  becaufe  of  equal  Angles  z  C  D  =  r  2  Q,  and 
I.C^s^^i^^Q^  th&ocheii  Pdrta  of  the  Vyocitiesy^^aace  m  Diltffimir 
perpencficular  to  Qj2  and  Q  ^,  wjll  ,be  as  2^  and  f  d.  So  that  in  relped 
of  the  Diftancea  Q  ^1  and:.Q^^,  tEe  foises  of  rttel^icltt^j)Mad'«,.tau 
move  the  Space  A  B  the  contrary  Way,  will  be  as  D  2.  x  z  Q  x  A  ^^ 
ifo^M  I  ii-  xp^  Nowr  by  thp  Condkionsf-  oP  thc-f^i^bljSti-  diefe  Sttai*  of 
^     '      cohtraiy  Sotcesaught  tOiber equal..    '  •'  '  '  * 

.  Qeaauf^  o(  the  rig^ti  Angles^at  I>«Qd  4, the  Pointer  fXaai^  aire  k^ttMP. 
Cir-cumfejrepfie  qf.  a^.QrcIe  defcril^eA  ifidi  the  Qiapiet^r  ^  Q^  Lot  JS: 
be  the^mcT.of;  tnU  Cincl^^  Tkea  vdpwiwg.E.ai^apd  E  g,.  m«Wig.  AbD 
Giriqkj  in  P  andt Vr/^^^  .it  wilLbe P a; x  x^Qc^  F-;fifXi'»I^=  EiFg^r-^ 
^ ;5,^,f5;E  Q  y  -^.E.2. j^;  and  ^:  f^  Xi§,Q  =.pitf 3—.  j&  Q^y^^  ThtoHtHir 
Sura  jotall  the  BQfXtjP  —  E^rjxifiiv^  be  equaLto  the  Sum  of  all  tfie^ 
J^.^  q.  x,x  — f  E  Qa  ;5^  T,    And  tranfppfing  the. Tjeimsjc  the  Sup>»  <tf  infti 

tftfii  \E  :Qrij.  yup  +  ^ndll  be  equal  to  the^Sum<if-afl  the  <E  2?  J*x;p»+  Ef  f 
X  It :  That  is,  if^  be  put  as  well  for  the  Particle  p  within  me  Circle^ as, 
f®?  the- Particle^  without.the  Circle  5  the-Sum^of^^th^EQf  >r^ Witt* 
be  eqpal  to  the  Sum  of  all  the  E  zqxp.     Draw  z  s.  pcffpcudiCTolattoGQ^ 
Then  it  will  be  Ez  j  z^Cz  q  +  ECj— O  C  x  Cs.  '!Now  this  Value 
of  E  2  ;  being  fubftituted  inftead  of  it,  and  the  Equation  beiog  ri^tif 
managed,  you  will  find  at  laft  the  Sum  of  alLtteC  Qx  C  j  x^  »ta 
the  Sum  of  all  the  C  z.q  x  p.     Whence  it  will  be  C-Q=?  .    ..  / 

Sumof^heC^^^^^^  But>  theSum  of^al^the■C2J'X/is'thr 

Quantity.  C  itfetf  in  the  CakuUtioa  of }  tbc-Cepter  of  Ofcfllation  ;  and  if ' 
tljie  Center  of  Gravity  be  G^  andGyjbe  drwwt  perpcndicuiar  td  G  Q> 
and  the  Body  itfelf  be  called^,  thcSumicf  aB  d^-Cjx-^willbfce^^ 

toG^xA.    Whence  it  is  GQc:^,^^-.    Let  theCaHfir.<rf(OftllI* 

lion  be  O  i  then  h^.tbem  i.  C.Q  =  ^J^  ^.  Whence  it  is.Q-{.  C  G* 

C  G  x  A  . 

::  C O  .  C Q.  Wherefore  a:Perpcndlcukr  to^D-being^asTOrdwoiiglj^ 
O;  it  will  pafe  through  the  Foint  Q, .  ^ ,£.  L 

vm-A 


/y.  ifB* 
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Vin.  A  Zerm^.     X^t  ApFB,  A  a  ♦B,  be  two  Curves,  the  fteTft-O/zi* Morion 
tion  of  which  isfuth,  IbM  die  OrfiBatcs  C  A  D,  E  ♦  F,  being  drawn,  f  f  ^^'T^^^ 
h  may  be  C  A .  C  JD  : :  E  ♦  •  E  F.   Then  the  Qrdihates  befaig  diniinini'd  b  i!Vit  n* 
uiinjlnitum^  fo  that  the  Curves  may  coincide  with  the  Axis  A  B  ;  I  fay  337.  p.  26. 
diat  the  uld'm^  Rati6  d^the  Curvature  in  A  will  be  to  the  Curvature 
inD,  asX  4  to  CD: 

befndfift.    Draw  the  Ordinate  c  ^  d  very  near  to  C  D,  and  at  D  and  a    Fig.  170. 
draw  the  Tangants'  t)  /  and  a  0,  meeting  the  Ordinate  c  d\nt  and  9. 
Then  becauife  of  r  J> .  r  if ; ;  C  a  .  C  D,  (by  Hypodicfis)  the  Tangents 
beijig  produced  will  meet  one  another  and  th6  Axis  in  the  fame  Point  P. 
Whence  becaufe  of  fimilar  'triangles  CD P  and  ^  /  P,  C  a P,  and  r  9 ^, 

It  will  bera.r/::CA.CD::^/.  ci(by  Hyp.) ::  cP  0 .  c^  e  —  r/ ) 

.  d  f  (ct — cd.)  Butthe  Curvatures  in  a  and  D  are  as  the  Angles  of 
Conta<^f  A  /  and  tD  d  ;  and  becaufe  /  A  and  iD coinciding  with  cC^ 
thpfe  Angles  are  as  their  Subtenfes  /  4,  J/;  that  is,  by  the  Proportion 
above,  as  C  A,  CD.    Therefore,  (^c.    ^  E.  D. 

Lem.  2.    'n  feme  Inftant  of  its  Vibration,  let  a  String  ftretch*d  be-    pig.  171. 
tween  the  Points  A  ahd  B'put  on  the  Fwm  of  any  Curve  A^  t  B,  Ifay 
diat  the  Increment  of  the  Velbcity  of  any  Point  P,  or  the  Acceleration 
arifmg  from  the  Force  of  the  Tenfion  of  the  String,  is  as  the  Curvature 
of  the  String  in  the  fame  Point 

Demonlt.  Concdve  the  String  to  confift  of  equal  rigid  Particles, 
which  are  infinitely  little,  as/  P,  Pt,  6fr.  arid  at  the  Point  P  ercft  a 
Pferpendicular  P  "R,  equal  to  the  Radius  of  Curvature  in  P,  which  let  ' 
the  Tangents  p^if  U  itieet  in  /,  the  Parallels  to  them  rs^  ps^  in  s^  the 
Chord/ 7 in r:  Tlieo  by  the  Principles  of  Mechariicks,  the  ablblute 
Force  by.  which  the  two  Particles  p  P  and  P  »  are  urged  towards  R,  will 
be  to  the  Force  of  the  Tenfion  of  the  String,  as  i  /  to  /  /  ;  and  half  this 
Force,  hy^hich  one  Particle  /  P  is  urged,  will  be  to  the  Tenfion  of 
the  Striog^  as.  r  /  to  //,  that  is,  (becaufe  of  fimilar  Triangles  c  t  py  ^/R) 
as  /  /  or  P/  to  R  /  or  P  R*    Wherefore,  becaufe  of  the  Force  of  Tenfion 

bein^  g&Ten,  the.  afafolute  acceletaiingi^orce  will  be  as  -^^^     But  the 

Ao^eration  g^nevated  i&  in  a  compound  Ratio  qfthe  Rados  of  the  ab- 
jfoluto  Fofco  diredtly,  and  of  the  Rdatter  to  bemoired  inverfely,  aod  the 
Matter  to  be  moved  is  the  Pardcleitfelf  P  p.  Wherefore  die  Accelera- 
tion is  as  ^^5-5  that  is,  as  the  Curvature  in  P.    For  the  Curvature  is 

reciprocally  as  the  Radius  of  Curvature  in  that  Point.    ^  E^  A 

Prob.  I.     To  determine  the  Motion  of  a  ftretchfd  String. 

In  this  and  th&  following  Problems  I  fuppofe  the  String  to  move  front 
lihe  Axis,  of  Motion  through  aa  indefinitely  little  Space  ;  that  the  Increr 
iQent  of  Tenfion  from  the  Increafe  of  the  Leng)th,  alfo  theObliquity  of 
the  .Radii  of  Curvature,,  may  fafcly  be  negledied. 

Therefore  let  the.  String  be.  ftrctch'd  between  the  Points.  A  and  6,,  pig^  ,72, 
^fi^  .widva  Bow  let  the  Point  z  be  drawn  to  the  Diftance  C  z  froni  the 

Am 
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Axis  A  B,  Thw  taking  away  ^tl^e  Bow,  becaufe  of  the  Flexure  in  the 
Point  C  atone,  that  will  firflr  begin  tb  move,  (by  Leni*  2.)  But  no  fobner 
will  the  String  be  bent  in  £he  neareft  Points  p  and  i,  but  thefe  Points  alio 
will  begin  to  niove ;  and  then  E  and  f,  and  To  on.  Alfo  becaufe  of  die 
great  Flexure  in  C,  that  Point  will  firft  move  very  fwiftiy,  and  thence  the 
Curvature  being  increafed  in  the  next  Points,  D,  E,  &?r.  diey  will  inune- 
diately  be  accelerated  more  fwihly^  and  at  the  feme  Time  the  Qirvature 
in  C  be?ng  diminifli*d;  that  Point  in  its  Turn  will  be  accelerated  more 
(lowly.  And  in  general,  thofe  Pdnts^hich  are  (lower  than  they  ihouki 
be,  being  accelerated  more,  and  the  quicker  Tefs,  it  will  be  brought  about 
at  lafl:,  thit  the  Forces  being  duly  attemper*d  one  with  another,  all  the  Mo- 
tions will  confpire  together,  and  all  the  Points  will  at  the  lame  Time  ap- 
proach to  the  Axis,  going  and  returning  alternately  ad  infinitum. 

Now  that  this  may  be  done,  the  String  muft  always  put  on  the  Form 
of  the  Curve  A  C  D  E  B,  the  Curvature  of  which  in  any  Point  JE  is  as  the 
Diftance  of  the  fame  E  «  from  the  Axis  ;  the  Velocities  of  the  Points  C, 
D,  E,  (Sc.  being  alio  in  the  Ratio  of  the  Diftances  from  die  Axis  C  z, 
D  e,  E  H,  iSc.  For  in  this  Cafe  the  Spaces  C  x,  D  /,  E  i ,  ^c.  defcribcd  in 
the  fame  infinitely  litde  Time,  will  be  as  the  Velocities,  that  is,  as  the  Spaces 
dcfcribed  D  z,  D  3^,  tSc  Wherefore  the  remaining  Spaces  xz^J"^  tv, 
Csfr.  will  be  to  each  other  in  the  fame  Ratio.  Alfo  py  Lemma  2.  the  Ac- 
celerations will  be  to  one  another  i(i  the  fame  Ratio.  By  which  Means 
the  Ratio  of  the  Velocities  always  continuing  the  fame  with  the  Rado  of 
the  Spaces  to  be  defcribed,  all  the  Poiilts  will  arrive  at  the  Axis  at  the 
fame  Time,  and  always  depart  from  it  at  the  fame  Time.  And  therefore 
the  Curve  A  C  D  E  B  will  be  rightly  determined.     ^  E.  D. 

Moreover  the  two  Curves  A  C  D  E  B  and  A  ;^  /  §  B  being  compared 
together,  by  Lemma  i.  the  Curvatures  in  D  and  /  will  be  as  theDifunces 
from  the  Axis  D  *  and  /  * ;  and  therefore  by  Lemma  2.  the  Acceleradra 
of  any  given  Point  in  the  String  will  be  as  its  Diftance  from  the  Axis. 
Whence,  (by  Sell.  ib.  Prop.  51.  of  Newton* s  Principia^)  all  the  Vibradons 
both  great  and  fmall  will  be  performed  in  the  (ame  periodical  Time,  and 
the  Motion  of  any  Point  will  be  fimilar  to  the  Ofcillation  of  a  Body  vi«^ 
bradng  in  Cycloid.    ^  E,  L 

Cor.  Curvatures  are  reciprocally  as  the  Radii  of  Circles  of  the  fame  De- 
gree of  Curvature.     Therefore  let  i»  be  9  givfen  Line,  and  the  Radius  6L 


Curvature  in  E  will  be  equal  to 


a  a 


En 

Proh.  2.  The  Length  and  Weight  of  a  String  being  given,  together  with 
the  Weight  that  ftretches  the  String,  to  find  the  Time  of  a  fingle  VibdradcW? 
Pi-  ,  --  Let  the  String  be  ftretch'd  between  the  Points  A  arid  B  by  the  Force  of 
die  Weight  P,  and  let  the  Weight  of  die  String  itfelf  be  iV,  andib  Length 
L.  Alfo  let  the  String  be  put  in  the  Pofidon  A  Fj^  C  B,  and  at  the  middle 
Point  C  letC  S  a  Perpendicular  be  ndfed,  equal  to  the  Radius  of  dieCur- 
vature  in  C,  and  meeting  the  Axis  A  B  in  D ;  and  taking  a  Point/  neaf 
to  C,  draw  die  Perpendicular  /  c  and  the  Tangent  f  t. 

Therefore 
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TherefGr&  it  appears^  as  in  Lemm^  a«  that  the  abfolute  Force  by  which 
the  Particle  jp  C  is  accelerated,  is  to  the  Force  of  the  Weight  P,  as  r  /  to 
p  J^  that  iB^  as  pC  00  C  S..  But  the:  Weigltt  P  is.  to  the  Wd^t  of  the 
Particle  ^  Q  in  a  Ratio  compounded  of  the.  Ratio'i  of  P  to  N;  and  of 
flt6  the  Weight  of  the  Particle/  C,  or  of  Lto  j^  G  j  that  is,  as  P  xL 
to  I^  Kp  C.  Therefore  compouading  thefe  Ratio's,  the  acoelerating 
Force  is  to  the  Force  of  Gravity,  as  P  x  L  to  N  x  C  S'.  Let  therefore 
a  Pendulum  be  conftrufted,  whofe  Length  is  CD  ;  then  by  Seff.  X* 
Prey.  52.  of  Netvtcr^s  Principia^  the  periodical  Time  of  the  String  Witt 

tj«  «d  the  periodical  Time  of  that  Pendulumi  as  •  N  x  C  S  to  •Tx  tT 
But  by  the  fame  Propofition,  the  Force  of  Gravity  being  giTen«  the 
Longitudes  of  the  Pefidkh  are  in  a  duplicate  Ratio  of  the  periodical 

Times.    Whence^L^Ll^J^J^ 

u  5^  wUl  brthf  Length  of  a  Pmdukm,  the  Vibrations  of  which 
Px  L 

are  ifochronous  to  the  Vibrations  of  the  S^ng. 

To  find  the  Line  ^  let  the  Abfcifs  of  the  Curve  be  A  E  s=  2f,  and  the 

Qiduiate  E  F  ^  x,  and  the  Curve  itfelf  AF  =  v,  andCD  sc *.    Then 

by  Cor.  Trob.  i .  the  Radius  of  Curvature  in  F  will  be  1^ .    But  v  bc- 

...  •    * 

ing  given>  the  Radius  of  Curvature  is  '!LJL.  Whence  —  =  ^>  and' 

z  ^  Si 

therefore  aaz^^vxx^  and  riiklng  fhr Flucnti jj  rr ,t  =  ^ ^*'      ^       4« 

2  2 

i  a^ .    Here  the  given  Quantity  —  ^*  +  i  i^  is  added;  that  it  ma/ 

2- 

be  z  =  tf  in  the  middle  JPoint  C  And  hence  the  Cafcultis  being  €(Ji»^ 
pleated,  itwiU  be*  -*-    *  "^^  **  9c^ix* x    ,  ^  j 


Now  let  ^andv  vanilh  in  nfpeSt  of  0,  d»ctheCuiVeintty-c«£ilCM[(l 

with  the  Aatis,  and  it  wilibe-aras    *^        ..;    Nbw  wWi  Centrtf  C4 

^bb--xx 
andRadim  D  C  sz  ^j,  a  Quadrant  of  a  Circle  D  Pfi  bdn^  defcriGied,  ancl 
making  C  Qj=  *»  and  ereaiBg  the  Perpendicular  QP  j  then:  the  Arch   ^'«'  *74» 

D  Pbeingas/,  it  will  be  j  s^.  .^ff  .-..^ajLa. 

Wlience^  tf  —  2)^and:wss>^jr.    And^imikifig;;«i> :» C  Di  in 
Vol.  IV.       *  Eee  wbicfi 
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which  Cafe  it  is  alfo jr  =  Quadrantal  ArchDPE,  and  2  =  ADs^-Lj 
itwillbc4L=i»x^,anda  =  Lx  J^.  Let  it  be  therefore  C  D . 
2  D  E ::  Diameter  of  a  Circle  .  Circumference  lld.c  •,  and  it  will  be 
tftfsLLx^.  Therefore  this  Value  bemgfubftituted  for  tftf;JL 

^  L  X  _  will  be  the  Length  of  a  Pendulum  which  will  be  ifochronous 

to  the  String.  Therefore  let  D  be  the  Length  whofe  periodical  Time  is  i^ 

«d-.4/— .  x_  will  be  the  periodical  Time  of  the  String.       ^  E.  I. 

For  the  Periodical  Times  of  Pendulums  are  as  the  Square-roots  of  their 
Lengths. 

Cor.  I.  The  Number  of  Vibrations  of  the  String  in  the^Time  of  one 

Vibration  of  the  Pendulum  D,  is  JL^/(Lx^. 

d       N      L 

Or.  2.    Becaufc  —  x  •—  is  given,  the  periodical  Time  of  the 

^ 

String  is  as  •  _.  X  L.    And  the  Weight  P  being  given,  the  Time  is 

as  •'^N  X  L.  And  the  Strings  being  made  of  the  fame  Thread,  in  which 
Cafe  'tisN  as L,  the  Time  will  be  as  L. 

th  Imntion     IX.  In  a  Freneb  Book  lately  publilhed,  the  Author  fpeaks  of  making 
thSaSbip  Clocks  to  agree  with  the  Sun's  apparent  Motion  ^  and  fuppofed  that  it  was 
Time  wiib    a  Thing  never  thought  of  by  any  before  himfelf :  I  fhaU  therefore  give 
th  Sun*s  ap«  this  ihort  Account  of  what  I  have  performed  in  that  Matter  myfelf. 
^^^^^      And  in  the  firft  Place  I  mufLtake  Notice  of  the  Copy  of  a  Letter  in 
^'^^.ihis  Book,  wrote  by  one  P.  Ttrefa  a  Jefidt^  to  one  Mr.  tVilUamfiny 
liamfoo,  n.    Clockmaker  to  his  Imperial  Majefty,  of  a  Clock  found  in  the  late  iUng 
i6i.f.\o%Qi.cbarks  ihtSeeend  of  Spain* s  Cabinet,  about  the  Year  1699  or  1700. 
which  fheweth  both  equal  and  apparent  Time  accordmg  to  the  Tables 
of  the  Equation;  and  which  went  4X)oDay3  without  winding  up. 
This  I  am  well  fatisfied  is  a  Clock  of  my  own  making ;  for  about  fix 
Years  before  that  Time,  I  made  one  for  Mr.  Daniel  S^sre^  which 
agrees  with  the  Defcriptioh  he  gives  of  it,  and  went  400  Days  as 
,      he  faith.    TIus  Clock  Mr.  Daniel  ^are  fold,  foon  after  it  was  made, 
to  go  to  the  faid  King  Charles  the  Second  of  Spain  :  And  it  was  made 
fo,  that  if  the  Pendulum  was  adjufted  to  the  Sun's  mean  Motion,  the 
H^ds  would  Ihow  equal  Time  on  two  fixed  Circles,  on  one  the  Hour> 
and  on  the  other  the  Minute.    But  there  were  other  two  moveable  Cir- 
cles of  the  lame  kind,  that  moved  forwards  and  backwards,  as  the  Time 
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of  the  TfcaiP  required ;  on  which  the  feme  Hands  Ihew  apparent  Time 
likewife,  accordii^  to  the  Equation  Tables.  This  Method  the  Author  owns 
he  knew  of,  and  applied  the  fame  Motion  to  Pocket  Watches  12  or  14 
Years  ago,  which  I  confefs  I  never  did }  .being  well  fatisfied  that  Watches 
With  Springs  and  Balances  are  v/cry  unfit  to  fhew  the  minute  Difierehce,  as 
it  increafeth  and  decreafeth,  between  equal  and  apparent  Time. 

Soon  after  this  Clock  was  fent  to  Spaitij  I  made  others  for  Mr.  ^or^, 
which  (hewed  apparent  Time  by  lengthening  and  fhortening  die  Pendtdumf 
in  lifting  it  up  and  letting  it  down  again,  by  a  Rowler  fdmewhat  in  the  Form 
of  an  ElUpJiSf  through  a  Slit  in  a  Piece  01  Brafs^  which  the  Spring  at  £be 
Top  of  the  pendulum  went  through.  By  this  Means  c^try  Vibration  of  the 
Pendulum^  would  agree  to  a  fecond  of  Time  of  the  Sun*s  apparent  Motion  % 
that  Rowler,  which  lifted  up  the  Pendulum^  and  let  it  down  %^n,  being 
continually  moving  about  all  the  Year ;  fo  that  it  may  feem  very  ftrai^e, 
that  this  Author  never  heard  of  it  To  many  Vears  after  they  were  made :  ^r 
one  of  thofe,  and  not  the  firft,  made  with  the  rifing  and  letting  of  the  Sun, 
Mn  ^uare  fold  to  the  late  King  William^  and  it  was  iet  up  at  Uampton-Court^ 
where  it  hath  been  ever  fince.  This  Contrivance  of  lengthening  and  fhorten- 
ing  the  Pendulum^  I  thought  of  feveral  Years  before  I  made  arty  of  them. 
Since  then  I  have  made  othefs  for  Mr.  ^are  likewifc,  which  fliewed  the 
Difference  between  equal  and  apparent  Time  according  to  the  Equation 
Tables,  by  a  Hand  moving  both  Ways  from  the  Top  of  a  Circle ;  on  one 
Side  fhewifig  how  miich  a  Qock,  keeping  equal  Time,  ought  to  be  fafter 
than  the  Sun  ;  on  the  other  Side  hdw  much  fl6wer. 

But  thefe  Clocks  that  I  theri  niade  to  agree  with  the  Sun's  apparent  Time, 
were  done  according  to  the  Equation  Tables,  which  I  found  not  to  agree 
very  &ia£Aj  with  the  Sun*s  apparent  Motion:  Neither  can  any  other  be 
made  to  keep  equal  Time,  that  will  gain  and  lofe  all  the  Year  agreeable  to 
the  faid  Tables  5  for  though  flie  Tafcles  themfclves  may  bt  true,  yet  fome 
Difference  in  Motion  does  proceed^  in  both  Sorts  of  Clocks,  from  Cold  of 
Heat  alteriiffi  the  Length  ot  their  Pendulums.  This  Difference,  by  fome  Ob- 
fervations  I  have  made,  I  fuppofe  to  be  about  the  -t^tt  Part  of  an  Inch,  in  t3* 
Length  of  a  Pendulum  vibrating  Seconds,  which  will  alter  the  Motion  of  the 
CIocK  about  12  Seconds  iri  24  Hours.  But  to  make  mv  Clocks  of  keeping 
apparent  Time,  to  go  as  exaft  as  poffible,  I  made  a  Table  my  felf  by  Obfer- 
vation  :  For  obferving  the  Sun,  as  often  as  it  was  feen,  when  it  came  on  the 
Memian,  for  feveral  Years  together,  always  fetting  down  the  Diflference 
between  its  commg  to  the  Meridian  and  the  Time,  by  a  Clock  I  had  ad- 
jutted  as  well  as  I  could  to  equal  Time,  and  always  taking  Notice  how  much 
my  Equal-Time  Clock  gainM  or  loft  at  the  End  of  every  Year,  I  compleat- 
cd  my  Table  in  the  Year  1711.  Since  then  I  have  made  many  of  thefe 
Clocks  :  So  that  I  think  I  may  juftly  claim  the  greateft  Right  to  this  Con- 
trivance^ of  making  Clocks  to  ^o  with  apparent  Time  5  and  I  have  never 
yet  iKard  of  any  fudi  Clock  fold  in  England^  but  what  was  of  my  own  ma- 
king,  though  I  hare  made  of  them  fo^long. 
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Bxperi'        X.  I.  The  Difegrccment  among  the  moft  famous  Aurtrors,  concemfc^ 
SJJ^^  Ac^Vdocity  of  Souod,  may  be  feea  at  one  View  in  thefoliowing  Table,  ia 
aJttZthi^^^^y  ^  E'Vglifi  Feet,  the  Spice  is  exhibited,  which  they  afcribe  to  thcftxK 
Motion  rfwf&  of  a  Sound  ia  one  Second  of  Time. 
Soond,^ 
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11.313, 
p.  a. 


Feet. 


Sir  Ifaac  Newiori 
Hon.  Mr.  Robarts 
Hon.  Mr.  Boyfe 
Mr.  miker 
Merfennus 

Mr.  Flamfteed  and  Hallej 
Ftorintine  Philofophers 
I^picb  Philofophers 

y>ll"  ■      ■      *  III  !■  ll.W..  iwil"!         I    III 


968 

1300 
1200 

1338 

1474 

XI48 


Princip.  Nat.'  Phil.  L.  2.  Prop. 
Phil.  Tranf.  n.  209, 
Effay  on  Languid  Motion,  p, 
Phil.  Yranf.  n,  247. 
Baliftic.  Prop-  39. 


50- 
24. 


Exp.  per  Acad.  delCiment.  p.  141. 
D<<  J/^/^ygA  Hift.'Acad.  Reg. 


There  is  no  gcai  Difagi^ceraent  of  Opinion  among  the  three  laft,  but  of  the 
reft  there  is«  The  Reafon  of  which  is  manifeftly  this,  either  becaufe  of  the 
fofiafficiency  of  che  laftruments,  or  becaulib  of  the  Diftance^.  or  from   thr 

I.  The  I^ftrunticpt  by  which  fome  of  them  have  meafured,  was  not  a 
Watch  pr  Clock,  but  a  fufpended  Plummet^  which  vibrated  Seconds.  But 
it  ispl^n,  that  a  Plummet  is  much  lefs  convenient,  nor  can  be  fo  accurate 
as  a  Clock  •,  becaufe  it  is  necefliry  that  the  Eye  muft  firft  be  employ'd  in 
cA)fcrvipg  the  Corufcation,  and  then  muft  obferve  the  Plummet  or  Pendu- 
lum.   This  waftes  Times,  and  caufes  Confufion.    But  e&edally  if, 

2*  The  Diftance  between  the  Thine  founding  and  the  Oblerver  be  but 
Imall.  Now  it  is  evident  diat  moft  01  thefe  made  their  Experiments  at  the 
Diftance  of  only  a  few  Feet,  and  meafured  by  the  Return  or  Echo  of  the 
Sound.  Some  of  thefe  extended  their  Meafure  hardly  beyond  fix  or  feven  hun- 
dad  Feet,  others  not  above  a  fingle  Mile.  But  I  have  always  ohferved,  that  ia 
fi)  fmall  a  Diftance  an  Uncertainty  would  ncceOarily  aiife,  even  tho*  the  beft 
Inftrument  was  made  ufe  of.  And  a  very  fmall  Error  in  fuch  ihort  Di- 
ilances  is  to  be  accountod  a  great  one.  For  pephaps  the  Pendulum  has  already 
pafs'd  over  half  its  Swing  or  Arch  from  the  laft  Puliation,  when  the  Sound 
was  firft  emitted.  But  we  reckon  that  Pulfe  as  if  the  Vibratroa  were  fully 
compleat,  or  perhaps  we  anticipate  the  Vibration*  And  after  the  Sound  Im 
ijpached  us,  jperh^s  we  count  more  or  lefs  than  we  fhould  dp. 

Or  if  the  Diftance  be  long  enough,  yet  an  Error  may  thence  arife,  if 

3.  We  take  not  the  Winds  into,  our  Reckoning. 

Thefe  are  certain  Inconveniencies,  which  attend  the  Menfuration  of  die 
Frogrefs  of  Sounds* 

Yet  it  may  be  <^ferved,  that  the  Spaces  affign*d  by  the  three  laft  Obftr- 
▼ations  of  the  Table,  agree  pretty  well  with  one  another.  Doubtlefs  this 
proceeds  from  hence,  that  the  Obfervers  were  furnilh'd  with  good  Clocks. 
In  the  Ufe  of  thefe  the  Ear  alone  is  employ'd  ia  catching  the  Vibrations  of 

the 
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«he  Pmirnhmj  ^Mk  the  Eye  attends  to  the  Corufcation,  br  fome  other  EthSf- 
ficm  of  the  Sound.  Alfo  thefe  Obfervations  were  made  at  great  Diftances, 
fai  which  a  finaU  Error  could  be  of  no  great  Monient.  The  Obfervations  of 
Flamfieed  and  Halley  were  m^de  at  an  Interval  of  almoft  three  Mies,  withia 
a  few  Perches,  from  the  Royal  Obfervatory,  upon  Shoaier^s  HiU\  and  the 
Sound  retumM  in  1 34*  Seconds  of  Time.  The  noble  and  celebrated  i^fcr^- 
iims^  of  die  Academy  dil  Ciment^j  made  their  Experiments  at  nearly  the 
fitme  Diftance.  And  fome  at  the  Diftance  of  one  Mile  only.  And  G^&tf, 
Pk/trd^  and  Rrimer  tft  the  Diftance  of  1280  Prtmb  Toifes^  whkh  is  more 
than  a  Mile  and  half  Englffi>  Meafure. 

I  my  fcff  harvc  made  veiy  many  Experiments^  at  various  Diftanees,  froni 
••ne  Mile  to  ewdve  and  more.  And  for  meafuring  rf  Time  I  hftVt  it  moft 
^ccwate  Watch,  with  a  Fefutulum  that  vibrates  half  Seconds. 

I  projpofed  to  my  felf  to  determine  the  following  Queries. 

I.  Mow  mfich  Space  a  Sound  pafies  through  in  a  Second  rfThne,  or  an^ 
ethej?  Interval  ^  Time  ? 

«.  When  a  Gitn  is  difchai^d  towards  the  ObfervcFr  whether  it  fends  ifs* 
Seund  in  die  fame  Interval  of  Time^  as  when  it  is  difcharged  the  <*ontrary- 
Way? 

3.  In  every  State  of  the  Atmofphcre,  when  the  Mercury  in  the  Barometer 
afcends  of  defcends,  whether  Sounds  defcribe  the  fame  Space  in  the  fiune 
Time? 

4.  Wheriier  Sounds  fly  fwiftcr  in  the  Day-time  than  in  the  Night  T 

5.  Whether  the  Sound  is  accelerated  by  a  favourable  Wind,  or  retailed 
when  th<  Wind  is  contrary  ?  Or  how  the  Wind  aflfefts  Sound,  if  it  aflFefts  it 
ataU? 

6*  Whether  Sound  moves  fwifeer  in  calm  Weadier,  than  when  die  Wind 
Wows  ?     ^ 

7.  Whether  a  violent  Windy  blowing  "croft  to  the  Courfe  of  the  Sound,, 
aecelerates  or  retards  the  Motion  of  the  Sourid? 

8.  Whether  Sounds  have  the  fame  Motion  in  Winter  and  Summer,  by  Day 
and  by  Night  ? 

9.  Whether  they- are  the  feme  in*  Snowy  Weather,  and  in  fair?' 

10.  Whether  a  great  and  fmall  Sound  iiavc  the  fame  Motion  ? 

II.  Whether  in  all  Elevations  of  the  Gun,  a  Horizontal,  at  lOy  20,  as 
|Kkas  90  Degrees,  the  Sound  arrives  at  Ae  Ear  of  the  Obferver  at  the  fame 
Diftance  of  Time  ?- 

12.  Whether  all  Kinds  of  Sounds,  thofc  pfGuns,  Bells^  Hammers^  and 
fach  like,  have  the  fame  Motion  ? 

13.  Whether  the  different  Force*  o£  Gunpowder  vary  the  Motion  of 
6ound  ? 

14.  Whether  at  the  Tops  of  high  Mountains,  or  in  Vales,,  or  in  the  highefl 
and  loweft  Parts  of  the  Atmofpherc,  Scrunds  pafs  over  the  fame  Spaces  in  the 
fime  Intervals  of  Time  ? 

15.  Whedicr  a  Sound  afcending  or  ddccndirtg  obHquciy  hai  the  fame  Mo* 

tion  ^ 
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tfcm  ?  Or  whether  it  afcends  from  the  Bottom  to  the  Top  of  a  MouAtaia  wiih 
the  fame  Velocity,  as  it  defcends  from  the  Top  to  the  Bottom  ? 

1 6.  Whether  a  Sound  moves  fwifter  at  the  Beginniag,  and  flower  towards 
the  End,  as  happens  to  many  other  violent  Motions  ? 

17.  Or  is  it  not  rather  equable,  that  is,  does  it  not  defcribe  Half  its  Courie 
in  half  the  Time,  one  Fourth  in  a  Fourth  of  the  Time,  and  (o  on  ? 

1 8.  Has  it  not  the  fame  Motion  in  all  Countries,  Northern  or  Southcra, 
in  England^  France^  Italy^  Germatrf^  &c. 

19.  Does  Sound  pafs  from  Place  to  Place  in  a  Right  Line,  or  the  fliorceft 
Way,  or  according  to  the  Surface  of  the  Ground  between  ? 

For  determining  thefe  Inquiries  I  requefted  my  Friends,  that  they  would 
difcharge  Guns  from  Towers  and  other  Eminencies,  at  the  Diftance  of  i,  2, 
3,  as  far  as  8  Miles,  which  I  found  to  be  the  greateft  Diftance  at  which  I 
could  hear  the  Report  of  a  Gun,  in  this  Country  which  is  fb  thick  let  with 
Trees  and  other  Thines.  Thefe  Guns  were  of  great  Ufe  to  me.  But  thofc 
great  Guns,  callM  Sakers,  were  moft  for  my  Purpofe,  upon  BUukbeatb^  with 
which  the  young  Ingeniers  of  the  Train  are  there  exercifed.  The  Flafhes  of 
thefe  Guns  I  could  fee  from  the  Steeple  of  my  Church,  and  I  could  hear 
their  Report  in  almoft  all  Weathers;  nay  even  in  the  Day-time  with  the 
Help  of  my  Telefcope  I  could  fee  the  Flafhes.  Therefore  I  aj^lyM  my 
felf  with  the  utmoft  Care  and  Diligence  to  the  Obfervation  of  thefe  Guns^ 
from  February  1 704-5. 

After  a  few  Obfervations  made  upon  thefe  Explotions,  I  procured  a  cettsun 
fpecial  Experiment  to  be  made.  Two  Cannons  or  Sakers  were  placed  near  one 
another,  the  Mouth  of  one  of  which  was  towards  me,  and  of  the  other  firom 
me.  Thefe  two  Pieces  were  difcharged  February  13,  1704-5,  every  half 
Hour,  from  Six  in  the  Afternoon  to  Midnight,  a  gentle  Gale  blowing  di- 
redly  againft  the  Sound.  The  Diftance  of  Time  between  the  Flafiiii^  of 
every  Gun,  (which  I  could  fee  with  my  naked  Eye,)  and  the  coming  of  the 
Sound,  was  always  about  120  or  222  Half-feconds  of  Time.  I  fay  120  or 
122,  becaufe  the  Sound  came  double;  that  is/  the  firft  Sound  within  120 
Half-feconds,  (which  was  the  Fainter,)  and  the  fecond  within  12%^  which  was 
more  intenfe.  And  in  the  fame  Manner  during  the  whole  Time  of  Obfer- 
"vation,  the  Noife  of  every  Gun  came  doubled. 

This  Reduplication  of  the  Sound  to  me  feems  an  Echo,  which  was  re- 

fie£bed,  as  I  imagine^  by  the  Mill  upon  Blackbeatb^  or  by  the  neighbouji^ 

Houfes.    Of  which  I  Ihould  have  no  Reafon  to  doubt,  ir  it  was  not  forlR 

Opinion  of  a  certain  learned  Friend,  who  believes  that  no  Echo  can  be  heard, 

but  which  is  made  by  refleding  Objeds  not  far  from  the  Obferver,  a^d  noi 

by  thofe  which  are  near  the  fonorous  Body,  or  other  diftant  Objefb. 

Of  Mi  2.  But  this  I  think  not  to  be  contrary  to  the  Nature  of  an  Echo.     Thea 

^^  ^   it  is  to  be  obferved,  that  this  double  Sound  came  direftly  from  Blackbeaib. 

l[>^mK€.  ^^^  ^^  ^^  ^^  Sound  come  from  thence,  and  the  other  (like  an  Echa)  from 

elfewhere,  ehher  beyond  me,  from  the  Right  Hand  or  Left,  or  from  apy 

other  Side.    And  the  fame  Thing  I  have  frec^uently  obferved,  when  great 

Guns  were  difcharged  from  the  Ships  in  the  River  Tbams^  efpecialfy  it  die 

Air 
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Air  was  calm  and  ferene,  either  in  the  Evening  or  Morning,  when  thofe  they 
call  the  H^atcb-guns  were,  difcharged.  After  the  Sound  of  the  Gun  had 
readied  the  Ear,  I  heard  it  ftill  running  along  the  River,  and  echoing  from 
the  Shcnres,  the  Hills,  and  the  Rocks,  (which  are  in  great  Plenty  along  the 
Knuijb  Shore)  and  that  for  many  Miles  together. 

All  thefe  Things,  according  to  my  Friend's  Opinion,  proceeded  from  the 
Repercuflion  of  the  Houfes  and  other  ObjeAs  that  were  near  me.  But  to 
fay  nothing  of  the  Weaknefs  of  the  Sound,  after  it  has  pafs'd  on  for  fevenil 
Miles,  and  of  its  Incapacity  to  produce  fuch  an  Effedt,  if  it  had  come  fo* 
far,  and  was  then  repell'd  by  refleAing  Objefts  near  the  Obferver,  rather  than- 
by  refledting  Objedb  that  were  near  the  fonorous  Body ;  I  ihall  give  an  Ex- 
ample or  two,  whence  it  will  appear,  that  an  Echo  made  by  reflefting  Ob- 
je6k  near  the  founding  Body  may  be  heard  for  feveral  Miles,  as  well  as  the 
primary  Sound,  and  fometimes  more  intenfely  than  the  faiDe. 

I  have  often  obferved,  that  Cannons  difcharged  in  the  Evening  on  die 
River  T'bameSj  about  Deptford  and  CuckboU^s-Pointy  often  made  a  Report 
which  was  double,  treble,  four-fold,  and  ftill  more  muldply'd ;  and  that 
the  later  Reports  are  ftill  the  louder.  And  when  I  have  gone  crofs-wife  this 
Way  or  that  Way  perhaps  a  Furlong,  or  a  Quarter  or  Half  a  Mile,,  yet  ftill' 
the  Sound  was  the  fame.  I  remember  that  on  the  itb  of  Marcb  laft  paft,. 
feveral  great  Guns  were  difcharged  fome  where  between  Deptford  and  Cuck^ 
bold^s*  Point  aforcfaid,  from  a  Ship  which  I  then  faw  upon  the  Thames 
from  my  Church.    Their  Sound  was  repeated  five  or  fix  Times,  after  this: 

Manner,      i  1  U    !•     I  counted  122  Haif-feeonds  between  the  Flalh  and 


ITfll- 


the  Sound,  the  Wind  blowing  obliquely.  Therefore  at  that  Time  the  Guns 
were  diftant  from  me  above  13  Miles.  The  two  firft  Cracks  were  fainter 
thaa  the  durd ;  but  the  laft  Cracks  were  louder  than  any  of  the  reft.  And 
going  a  Quarter  of  a  Mile  to  my  Right  Hand,  the  muldpLy'd  Sound  was^ 
the  fame,  and  likewife  when  I  went  to  my  Left  Hand.  And  belldes  in  fome 
ci  my  Stations,  befides  the  multiply'd  Sound,  I  plainlY  heard  a  faint  Echo,, 
which  was  reflefted  by  my  Church  and  the  Houfes  adjacent  r  Which  I  ob- 
ferved then  very  often,  when  ever  the  Guns  were  difcharged. 

^nother  ObfervatioQ  of  a  like  Kind  was  made  on  a  certsain  Sundays  about 
two  or  three  Years  ago,  on  the  Sound  of  a  large  Cannon  difchafged  fome- 
where  in  the  River  Tbamefy  on  diis  Side  or  beyond  the  Town  of  Grave/end. 
The  Sound  of  this  Gun  was  multiply^  at  leaft  eight,  nine,  or  cen.Times^ 


according  to  this  Meaftire  of  this  Time 


Many  thought 


this  muIdplyM  Sound  was  the  Noife  of  manjr  Guns  belonging  to  the  Ship  ^ 
but  I  conceive  it  to  be  nothing  elfe  but  a  reiterated  Echo,  from  the  Sound  of 
one  or  r^o  Guns,  which  was  reverberated  from  feveral  Ships,  or  the  neigh- 
bouring Shore*    I  did  not  only  hear  this  my  ielf,.  but  many  others  who  were 
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ht  off*.    Mc.  Sanet  )aaadLt3»  &tnk  cqwned  Souood  at.hia OMfm  Hoiii&r  iw2uck 
i$,  oeai:  four  Miles  di&am  (torn  Upminfter,  mhmnci  I  lheai?cb  k. 
Of  an         3-1  ^Ul  ^(1  an  Eunipte  aifo  of  the  Repcrcuflion  of:  Sound  in  the:  Ai^ 
icho  Mr   iiy  AejcijU.  Particles. 

the  Air.  When  I  heard  the  Rcportt  rf  gjoeat  Gun9i  elpeciaHgi  ifhcn  the  Aie  ^mak 
calm  and  ferene^  I  often  obfewed  IS^rmoring  to  gp  before  the  Cracky  iti  the 
Air  above.  And  in  a  chin  Cloud,  \  often  heard  the  Sound  of  Guns  abore^ 
juft  over  my  Head,  whkh.  ran  along  for  feveral  Mtlesi  in  die  Air;  fo  ^Amti 
ijus  Murmuring  contmued  for  15  Seconds  of  Time.  7rhi$  continual  Mur- 
munngt  in  my  Judgment,  proceeds,  from  Particles  of  Vapour  fu^nded.m. 
the  Atmofohetie,  ^hich  oppofr  the  Courfe  of  the  Undulations  of  Sounds, 
and.  beat  them  back  to  the  Ears  of  the  Obfenrer,  afta:  the  Manner  of  aob 
lodeGnioe  Number  of  Echos ;  which  we  call  a  Mmrmuriiig  in  the  Aun 

Thefe  Things  lieing  duly  confider*d,  it  \will  be  evident  that  aaEcboinair 
be^  healed  nRhich  is  made  a  far  off-,  and  that  the  afoisefaid  Redupiicatbn  dT 
the  Report  of  the  Guns  ypon  Blackhetah  proceeded  without  doubt  isigExBiath^ 
heath  it  felf,  as  L  juft  now.  affirmed. 
A^Varia-      4-  ^ow  to.  go  on  to  my  Obfervations  coQCommg  the  Progrefs  of  Sounds, 
tion  of     What  I  have  fi^gefted  about  the  Sound  of  the  Guns  at  Biackbeaihi  I  i»vQ 
^     iu    ^^^  ^^  ^  ^^^^^  ^^  ^^^  others ;  that  thr  Motion  of  Sound  is  neither  fwifter  or' 
^^retit  ^y^»  wliether  the  Gun  be  difcharged  towards  thciObfervcriir  fmm  him. 
Ele^atitm,      ^^  ^  ^^  Pofiuoas .  of  the  Gun,  Horizontd^  or  upright^  and  in  aU* 
«r2>i>/<9i' Elevations  of  the  lame,  whether  10  Degrees,  or  20,  &c.  there  is  norVari- 
mofibt  ation  of  the  Sound.     So  true  is  the  Obfcrvation  of  the  famoxis.  FlorMiu 
^^       Academy  Jei  GtBoUa  in  this  Matter. 

Alfo  the  Force  of  Gunpowder,  whether  ftrong  or  weak,  a  greater  or  a 
fmaller  Quantity,  tho'  it  may  increafe  or  leffrn  die  Izitenfity  of  tberSonndt 
yet  it  neither  accelerates  or  retards,  its  Motion.. 
The  Mo-       5*  AdTAi^rr  affirms,  thai:  he  always  found  a.  diflTerent  Velocity  of  Sound,.  TSi 
tion  of    different  Times,  in.  the  Mornings  at  Noon»*  in.  the  Evenings  in  the  Nigbo* 
^r^M^  Time.    But  as  I  had  the  Convenience  of  a. better  Time-keeper,  and  a  more 
/Altera-  <:o*nnK)dious  Diflance,  I  never  found  there  was  any  Diverfity  in  the  Modoa 
(tons  in    of  Sound.at  thefe  Sedons*     But  in  all  Kinds  of  Weather,  whether  the  Sky 
ikeAk.    was  clear  and  ferene,  or  cloudy  and  turbid;  whether  Snow  fell,  or  it  was. 
mifty  ;  (for  both  of  thelib  flrongly  abate  the  Audibility  of  Sound,)  .whotfifif 
it  Thunders  or  Lightens,  whether  it^  be  Hot  or  Cold^  Day  or  Night,  Sum* 
mer  or  Winter^  whether  the  Mercury  in  the  Barometer  afcend&  or  ddEccnda; 
In  all  Qianges  of  the  Atmofphere  whatever,.  (Winds  only  excepted,)  the 
Motion  of  Sound  is  neither  fafler  or  flower,  but  is  only  more  or  lefs  bud 
froqi  that  Variety  of  the  Medium  \  which  p^haps.has  deceived  the  fagackma: 
Kircber. 

Hence  it  will  follow,  that  the  Conclufions  ace  erroneous,  which  JVcOttt^ 
t^ed  ^  deduced  from  the  Obfenrationa  of  Dr.  jP&/,  Kircber^  and  thofc  of  htr 
/romdif-  own. 

ferent  Bo-  6.  Thoug^  Korebtt  is  of.  a  conQiary^  Opinion,  yet  I.  do  not  at  all  doubt  hut. 
t^TZ^  that  the  Sounds  of  all  Bodies»  of  Guns,  Bells,  Hammers,  &c.  have  the  lame 
famVdo^  Velocity. 
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Velocity.  In  the  Year  1704,  I  compared  together  the  Beats  of  a  Hammer 
and  the  Report  of  a  Gun,  at  the  Diftance  of  a  Mile,  which  is  the  fartheft  that 
I  could  hear  the  Sound  of  the  Hammer;  and  I  found  that  the  Sound  of  both 
came  to  me  in  the  fame  Time.  And  that  they  pafe'd  4»  T^  and  ^  of  the 
&me  Space  in  ij  i^  and  7  of  the  fame  Time. 

As  for  what  belongs  to  intenfe  and  languid  Sounds,  I  doubt  not  but  that 
they  pafs  over  the  fame  Space  in  the  fame  Interval  of  Time  v  as  may  partly 
appear  from  thefe  Experiments. 

Jan.  13,  1704-5*  The  Mafter  Gunner  of  Tflbury  Forty  at  my  Requeft,  dif- 
changed  a  Gun  cnr  two,  and  a  great  Mortar  in  which  he  ram'd  the  Gunpowder 
very  well.  The  Noife  of  all  theife  came  to  me  in  the  fame  Time,  beir^  diftant 
about  three  Miles. 

Alfo  Sept.  II,  1705,  the  Head  Gunner  of  England^  on  my  Account,  upon 
Black-Heath  after  Sun-fet,  difcharged  fome  Muskets,  Sakers^  and  Mortars. 
The  Muskets  I  could  not  hear,  becaufe  of  the  great  DiftancjC,  or  becaufe  the 
Air  was  not  very  clear.  But  I  heard  the  Sound  of  the  Sakers  and  Mortars 
in  the  fame  Intend  of  Time,  tho*  the  Noife  of  the  Mortars  wai  much  more 
dull  and  remifs  than  that  of  the  Sakers. 

^.  As  to  the  Equability  of  the  Motion  of  Sounds,  I  found  it  to  be  fo  as  T^f  Mo^ 
the  Aczdttny  del  Cimento  had  determined  long  ago.    That  Sounds  pafs  half^j^V^  . 
dicir  Space  in  Half  the  Time,  a  fourth  Part  in:  a  fourth  Part  of  the  Time,  and  ?^"*''' 
fo  on.    Which  will  appear  from  the  Examples  in  the  following.  Table. 
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The  Place  in  which  the 
Difcharge  was  made. 


The  Number 
oftheVibra 
Hons*  6(  the 


The  Church  at  Hornclmreh 
North  Okendon  Church 

Upmiu/isr  Mill  / 

Little  Warle^  Church 
Rainham  Church 
Aheley  Mill 
Da^enhdfn£\xuTc}i 
South  Wtai  Qhwch 
Eafi'Thorndon  Churth 
Barkhig  Chmch 
Blackheatb  Guns 


The  Pahftite  of  Plac68.| 
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■■.  ^ 

,.'5 


By  the  . 
Sound. 


Mil^. 


2, 

1 2, 

3» 
3> 
3^ 

4> 

7' 
12, 


The  Courfe  of  tke 
Winds. 


Oblique. 

p  Oblique. 

4  Favourable. 
48  With  Snow,  oblique 
97  A  ftrong  fair  Wind 
59  ObHque. 
37  Oblique. 
7"^  Favourable. 
S6  Oblique. 
03  Little  favourabte. 
€2FaVia^rable. 
55  Oblique. 


The  Diftances  of  Places  from  Upminfter^  (tte  Place  in  which  I  obferved)  as 
fet  down  in  thifi  Table,  were  meafured  with  all  the  Exaftnefs  I  was  able,  either 
by  a  meafuring  Rod,  or  by  Trigonometry.  And  from  the  great  Agreement 
there  is  found  between  the  Diftances  meafured  in  this  Manner,  and  likewife  by 
the  Motion  of  Sound,  the  Excellence  of  my  Inftruments,  as  alfo  the  Truth 
of  my  Obfervations  and  Calculations,  appear  very  plainly.  For  the  Difference 
between  the  Diftances  meafured^  and  the  fame  taken  by  Sound,  is  either  none 
at  all,  or  only  a  few  hundredth  Parts,  unlefs  when  the  Wind  was  fair  (except- 
ing  that  at  the  Church  of  South  Weal^  of  which  I  (hall  fpeak  afterwards.) 
Thus  in  the  Obfervations  made  from  the  Churches  of  Dagenham,  fVarltfj 
ThomdoHy  and  Barkings  the  Diftances  taken  from  the  Sound  feem  fomethiiiqg 
fhorter  than  they  fliould  be,  becaufe  the  Wind  accelerated  the  Sound.  But  in 
forming  this  Column  of  Diftances  by  the  Sound,  I  allowM  nothing  for  the 
Acceleration  of  the  Winds  ;  but  I  only  divided  the  Number  oF  Vibrations,  or 
of  Half-feconds,.  by  9^  or  9,25,  the  Number  of  Semi-feconds  in  which  Scnmd 
defcribes  one  Mile. 

Alfo  the  Equability  of  the  Motion  of  Sound  is  evident  from  this  Table ; 
as  will  appear  from  comparing  the  Vibrations  and  the  Diftances,  or  from  the 
Column  of  Diftances  from  the  Sound  only. 

Now  diat  nothing  might  be  wanting  for  the  Confirmation  of  this  Matter,  I 
made  a  Journey  to  the  Sands  at  Foulnefs  on  our  Efftic  Shore.  Thefe  Sands, 
which  are  continually  covered  and  wafh'd  over  by  every  Day's  Tide,  make  a 
large  and  exaft  Plain  of  many  Miles.  Upon  this  Plain  I  meafured  out  only 
fix  Miles ;  for  neither  the  Tide  nor  my  own  Time  would  permit  me  to  make 
Ufe  of  a  longer  Diftance,  At  the  End  almoft  of  every  Mile  I  made  Expd- 
ments  by  dilcharging  Guns.  From  which  Experiments  I  founds  that  all  my 
former  Obfervations  were  juft  and  true^  that  is,  that  Sound  paflb  a  Mile  in 

9^ 
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q;  Half-^ecoocfe,  two  MOei  vtt  jtS^^  Hatf^Sectomk,  three  Milds  in  27I  H^f- 
Seeonds,  s^nd  iq  on.  . 

^  9.  As  to  the  15  1^  19  9]3eri^»  I  eonfefs  I  could  aaver  fatisfy  myfelf  in  tbefe'o//^^  Af. 
]4w^s,  by  any  of  the  Esqyerimema  I  ni^  tcending 

And  firft  as  to  the  Prc^refs  of  Sound  by  the  fliorteft  Way,  as  in  Query  19*  T^^.^' 
The  Rpalbax)f  my  doubting  of  ithl*  was  the  Diffef'ence  between  the  Spaces  be-  f/so3. 
tweeri  the  Village  of  IVeal  and  Upminfter  meafured  Trigonometrically  and  hjtsfc, 
the  Sound,  as  exhibited  in  the  fof egoing  Table.    The  Trigonometrical  Men- 
furation  was  taken  in  fo  many  Manners,  and  with  fuch  good  Angles,  that  I 
could  have  no  Scruple  about  it.     But  becaufe  by  the  Motion  of  the  Sound  the 
Diftaace  feems  greater,  and  the  Superficies  of  the  intermediate  Soil  puts  on 
fuch  a  Figure  as.  is  exhibited  in  Fig.  175  ^  therefore  I  had  fbme  SufpiciofTFig.  175. 
whether  the  Sound  might  not  move  with  a  crooked  Motion  ?   or  whether 
the  Acclivity  intervening  in  A  might  not  oppofe  tho  Undulations   of  the 
Sound,  and  thereby  retard  it. 

Tk^  I  might  fomehow  untye  this  Knot,  I  caufed  an  Experiment  to  be 
made,  by  the  Sound  of  a  Gun  from  the  Top  of  Langdown  Hills  into  the  Val^ 
ley  beneath,  at  the  Diftance  of  3,79  Miles.  The  Interval  was  carefully  mea* 
fttred  Trigonometrically,  by  Means  of  Angles  and  a  Bafe  that  was  large 
enough  ;  and  the  Experiment  was  made  when  a  gentle  Gale  a  little  oppofed 
die  Sounds  I  counted  354-  Half-Seconds  between  the  Flaih  and  the  Repoct ; 
which  Number  fo  well  agrees;  with  the  Diftance,  and  approaches  fo  near  to 
the  other  Experiments,  that  there  can  be  no  Doubt  but  that  Sound  defcendsr 
from  the  Top  of  a  Hill  ftrait  down  into  the  Vak  beneath,  (through  the  Air) 
and  not  according  to  the  uneven  Surface  of  the  intermediate  Ground.  - 

Therefore  I  imagine  there  was  fome  Error  in  the  foregoing  Obfervations  at 
Weal,  becaufe  I  have  not  obferved  any  fuch  Thing,  either  in  the  laft  Experi- 
ment at  Lafigda^n^  nor  in  any  other. 

As  to  the  Motion  of  Sound  up  and  down ;  that  is,  whether  it  is  carried  af- 
ter the  fame  Manner,  and  in  the  fame  Degree,  frtim  the  Top  of  a  Mountain 
to  the  Bottom,  and  back  again  ?  I  can  hardly  hope  to  fatisfy  myfelf  or'  any 
other  in  this  N^tt^r.  Here  in  Effsx  and  the  Parts  adjacent  we  have  no  Hills 
hi^  enough  tq  make  the  Experiments  r^quifite  for  this  Purpofe.  For  the 
h^eft  of  alli  I  have  yee  feen,  toeh*  as  thofe  alVdk  Laffgdoml  Hills^  do  not  much 
exceed  Half  a  Furlong.  For  I  have  meafured  the  h^elt  Sumnait  of  the  ikmef,* 
both  TrigoooQii^trdcally  as  ajfo  with  my  portable  Barometer,  and^  find  the 
lame  by  the  firft  Method  to  be  363  Feet  high, 

'  J^t  the  laft  39iAnier,  when  I  tdojc  a  Jowney  to  the  WeSem^  CbaAs  df  the 
i^iigdoqat  I  had  a  Mind  to  trv  from  a  certain  Hill,  tiie  Height-  dt  which  I 
mis^uredafew  Yeafs  agp«  and  found  it,  (if  my  Memory  fiulrm/toDt):  tabe 
a^H3iE«.  thrce  Furlongs.  At  wfbich'  Time  the  ^  Wind-  blew,  obliqlmely,  but  fe^ 
gpBtly;  that  it,  would)  h^y^  have'  exiUnguiihM  a;  lifted  Caddie. .  jThen  I  bi^ 
d^r'd  foone  Mi^tsi  to  be  difchavg$d  at  the  Foot  of  the  HiU>  aiid«  therTop,' 
^tkI  I  found  tb^^  Souod  to  come  both  Wa)^  nearly  la  the  hmt  SpiKsd  of*  Time? 
U  t^rew^aayfaM^Differenoekii^em^d  ix^.confift  in  this;  that  thoSoiint]^ 
%6fe9^  ifi^i^blagcfoqaer  up  tbe  Nfowitam  thanit  deibedded  dowa^tfabiame. '  * 

Fff2  But 
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But  I  could  harcfly  meafure  the  Time  with  die  Exaftnels  that  was  necefiaiy, 
becaufe  it  happen'd  unluckily,  that  my  Time-keeper  was  a  little  out  of  Order 
by  the  Carri^.  ,  Therefore  I  muft  leave  this  Experiment  to  be  made  by 
others  with  bdtter  Succefs.    And  indeed  I  could  wim  it  might  be  tried  at  the 

Motk>n  ^  ^^  Some  Obfervations  and  Experiments  made  at  my  Defire  in  Itafy^  by  the 
J^T'*  moft  learned  Dr.  ATw/i^*. 

Richard  Townley^  Efq;  informed  me  by  Letter,  An.  1704,  *•  That  Sounds 
^*  were  feldom  heard  at  Rome  fo  far  as  in  England^  and  in  our  Northern  Cli- 
*•  mates.  Particularly  he  faid,  that  while  he  was  at  Rente  fome  Guns  were 
**  difcharged  at  the  Caftle  of  St.  AngeU^  while  he  was  upon  Mount  Trinidad^ 
*•  and  that  he  obferved  the  Sound  was  much  more  languid  in  that  Place,  than 
•'  in  any  other  at  the  fame  Diftance..  And  after  his  Death  his  Brother  wrote 
"  to  me,  that?  in  the  Year  1688,  leaving  Rome  he  came  to  the  Caftle 
"  Gendolphe^  (being  a  higher  Situation  near  the  Lake  Albanus^  about  twelve 
"  Italian  Miles  from  Rome)  he  obferved  the  Sound  of  great  Guns  difcharged 
"  from  the  aforefaid  Caftle  St.  Angeloy  which  feemM  to  him  to  be  very  weak 
*'  and  faint.  Alfo  at  another  Time,  when  his  Chariot  pafs*d  near  the  Walls 
**  of  the  aforefaid  Caftle,  and  great  Guns  were  difcharged  from  thence,  they 
"  did  not  feem  to  make  fo  loud  a  Noife  there  as  he  expefted. 

As  this  was  obferved  by  thefe  two  Gentlemen,  and  the  PhencmientMi  itfelf 
feemM  to  be  new  and  unknown  before,  I  had  a  great  Mind  to  enquire  into 
the  Caufe  of  it.  Therefore  I  wrote  a  Letter  to  the  learned  Dr.  Newton^  who 
fent  me  Word  back  in  OSlober  1  yo&y  what  himfelf  and  his  Friends  had  ob- 
ferved about  it. 

He  tells  me,  that  in  his  Journey  from  Btmonia  towards  Florence^  at  the 
City  of  St.  Mcbael  in  Bofco  (near  Bononia)  he  heard  the  Report  of  Guns  that 
were  difcharaed  ;  which  Guns  were  difcharged  at  Mirandula^  and  were  diftant 
40  Miles :  For  at  that  Time  the  French  Army  were  then  befieging  this  Place. 
And  the  Night  following  lodging  upon  the  Apennines^  being  20  Miles  fartiier 
off,  he  heard  the  fame  Sound. 

When  he  received  my  Letter  at  Florence^  he  acquainted  a  certain  Noble- 
man with  the  Contents,  who  afterwards  communicated  my  Requeft  to  the 
Great  Duke.  He  fays,  **  The  Great  Duke  immediately  gave  Orders,  that 
**  Experiments  might  be  made  for  my  full  Satisfadtion."  He  appointed  J9- 
fepb  Aoerram^  z  noted  Philofopher  at  Pi/i,  to  fupervife  and  dire^  thefe  Eae- 
periments.    The  Refult  was  this. 

"  In  the  lower  Tower  at  Florence  a  great  Gun  was  often  difcharged  between 
"  the  Hours  of  One  and  Three  at  Ni^t,  and  certsun  Men  at  J^gbom  were 
*•  appointed,  to  obferve  diligently  whether  they  cou]d  hear  the  Report.  Some 
^  ^*  of  thefe  who  were  placed  at  Lantema  and  Matzocco  did  not  hear  it ;  poflibly 
*«  becaufe  the  Clafhing  of  the  Waves  of  the  Sea  might  difturb  the  Sound. 
**  But  others  who  ftood  upon  the  Fortifications  of  the  old  Tower,  which  is 
^>  call'd  Def^on^  and  thofe  that  were  fent  to  that  calPd  Mount  Rotondo^  (which 
<<  is  about  five  Miles  diftant  irom- Leghorn  towards  Mount  Nero)  could  hear 
^  it  welt  enough.    And  as  often  as  it  was  difcharg^,  fo  often  the  Rep(»rc 


J^lauXL.VcLIV.J'artl.Pa^e  424  . 


s 

B                               TJ 

^^"~-^  -^    < 

C 

if^P     *• 

B                 f\ 

r      >        J 

e    ^.//^            ^ 

J 

X 

-4=^ 

ZI^^^^ 

0 

l^ 

T^.J^^ 


The  Motion  of  Sounds.  405 

:<^  was  phtrily  heard  in  thofe  Places.  Now  the  Diftance  of  this  Fhrentine 
^^.  Tower  from  Mount  Rotondo  in  a  right  Line,  is  thought  to  be  not  lefs  thaii 
-««  55  Miles,  And  it  is  worth  obferving,  that  the  intermediate  Country 
/<  abounds  with  Hills,  which  of  Neceffity  muft  fomething  impede  the  Paf- 
cc  fage  of  the  Sound.  To  which  may  be  added,  that  the  fame  Evening  there 
«•  was  a  moderate  Wefterly  Wind,  which  may  be  fairly  fuppofed  to  hinder 
>«  fomething  the  Expanfion  of  the  Sound,  fince  L^bom  is  fituate  to  the  South- 
-*«  Weft  in  refpc6t  of  Florence. 

s  ««  Now  that  an  open  Place  might  be  had,  th^it  Trad  of  Sea  wa$  made 
*'  Choice  of,  that  lies  between  Leghorn  and  that  call'd  Porto  Ferraio^  the  Di- 
'^^  ftance  of  which  is  found  to  be  60  Miles,  according  to  the  Calculation  of 
**  skilful  Navigators.  And  the  Sound  of  Guns  of  War  is  often  heard  from 
^'  Leghorn  to  the  aforefaid  Porto  Ferraio^  and  the  neighbouring  Places  -,  nor 
**  is  there  any  Occafion  for  the  Aififtance  of  a  fair  Wind,  to  help  the  Pro- 
*'  grefs  of  the  Sound,  that  it  may  be  heard  the  better.  For  any  Wind  what- 
^<  ever,  whether  for  it  or  againft  it,  is  a  Hindrance  to  Sound,  and  makes  it:  lefs 
^^  fonorous.  Perhaps  becaufe  the  Noife  that  is  thence  made  in  the  Sea  is  a 
^'  greater  Impediment,  than  the  Courfe  of  the  Air  ru(hing  thither  would  be 
**  an  Affiftance.  Wherefore  the  Sound  is  then  only  heard,  when  the  Wind 
**  is  quite  ftill,  or  whifpera  very  foftly,  and  when  the  Air  is  ferene,  and  the 
«^  Sea  calm.  Neither  even  then  is  it  heurd  indifferently  from  ail  Places,  but 
**  only  from  thofe  which  are  fomething  lofty  ;  fuch  are  thofe  two  Forts  which 
<«  are  call'd  the  Star  and  the  Fakon^  and  the  Place  call'd  MuUni.  Befides,  it 
**  is  ncceflary  that  the  Obferver  Ihould  keep  himfelf  very  attentive,  nor  fhould 
^'  be  incumbered  with  the  Noife  of  any  near  him.  And  then  he  may  hear  as 
*^  well  by  Day  as  Night,  if  the  Atmosphere  be  ferene  and  calm  ;  except  that 
^^  in  the  Nisht-time  Sound  feems  to  be  fomething  ftronger  and  (harper,  wheri 
**  no  other  Noifes  mix  with  it,  which  by  Day  continually  aflault  the  Ears. 

*'  It  has  alfo  been  told  us  by  Wimeffes  very  deferving  of  Credit,  that  many 
«^  Years  ago,  when  there  were  Tumults  at  Meffina^  and  the  City  itfelf  was 
*'  befieged,  that  the  Reports  of  the  great  Guns  reached  the  Ears  of  the  Inha- 
*'  bitants  of  Augufta  and  Syracufe. 

<'  Likewife  when  the  French  bombarded  Genoa^  it  is  certain  that  the  Sound 
«<  reached  as  far  as  the  Black  Mountain^  which  is  near  Legora. 

'*  From  thefe  Obfervations  we  are  inclined  to  believe,  that  there  is  no  Dif- 
*'  ferehce  in  this  Matter  between  Italy  and  the  Northern  Climates^ 

"  As  to  the  other  Query,  Whether  a  Wind  that  blows  with  or  againft  a 
^^  Sound  accelerates  or  retards  its  Motion  ?  As  yet  we  cannot  anfwer  this 
**  with  any  Certainty.    Yet  we  will  produce  the  following  Experiments. 

**  A  great  Gun  (60)  was  planted  upon  the  Curtain  ot  the  lower  Fort  at 
^^  Florence^  and  fo  fixt,  that  its  Mouth  might  be  direded  towards  Artendno^ 
«<  which  is  a  Country  Palace  of  the  Great  Duke  of  Tufcany^^  ftanding  upon  ^ 
**  pretty  high  Hill,  looking  towards  the  Weftem-fide  of  the  faid  Fort,  from 
*^  whence  it  is  diftant  about  12  Miles.  We  chofe  a  Day  when,  a  Wefterly 
**  Wind  blew  pretty  ftropg,  that  the  Motion  of  the.  Sound, inight  be. bin- 
*«  .der'd  by  the  oppofite  Wind.     But  this  was  of  little  Ufe,  for  at  Evening; 
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^^  the  Air  was  quite  calm,  or  ae  moft  hkl  fo  ficUe  Mocioii,  that  it  weuld 
''  hardly  diffipate  the  Fhme  ef  a  tighied  Caadh;  Then  leaving  feme  skilfU 
^'  Perfons  here,  we  retired  to  the  Sovf^Ai  Palace  Attmim^  and  bstweea  the 
^'  firft  and  third  Hours  of  the  Night,  the  Cannon  was  dijfcharged  ievend 
^^  Times ;  and  we  conftandy  coimted  149  Seconds  between  the  Flafinog  and 
^^  the  Report.  And  we  affb  at  Jrfemhuh  fired  fome  Bombs,  befween  tAe 
•^  Flalhing  and  Report  of  which  the  OWervcrs-  aforefaid,  wfcich  we  Irfc  bc^ 
"  hind  in  the  Fort,  counted  only  48  Seconds.  Whence  it  ^pear^d,  tha( 
**  the  Sound  went  fwifter  from  /vtetmno  to  Florence  by  only  one  Second,  than 
*•  the  contrary  Way. 

««  We  dare  not  truft  our  ObTervation  fo  much  a6  to  affirm,  chat  this  litde 
^*  Difference  of  Velocity  muft  be  imputed  to  the  Force  of  cpniptrijig  or  op- 
^*  pofite  Wind.  For  poffibly  it  may  arife  from  the  Nfiftake  of  die  (^rver, 
^^  who  counted  the  Vibrations  of  tiie  Pendulum^  which  may  eafily  happen,  it 
"  may  fo  fail  out,  that  he  may  not  fee  the  Flalh  till  after  the  Vibration  of 
*«  the  Pendulum  was  begun,  or  may  hear  the  Sound  before  the  Vibration  is 
^^  complestted  ;  fo  that  by  this  Means  he  may  make  his  Reckoning  one  diore 
^^  than  it  fhould  be,  whilft  the  Space  of  Time  in  bodi  Caft&  is  the  fame. 

"  When  it  was  Day  we  ordered  the  Gun  to  be  difcharged  again  ;  but  the 
^^  Wind  was  neither  favourable  to  our  Work  or  ourWilhcs.  For  a  lir- 
<*  tie  before  it  had  gone  about  to  the  Nortk  So  that  the  Difference  of  the 
*«  Time  and  of  the  Velocity  of  the  Sound  could  haidly  be  perceii^  in  16 
^*  fmall  a  Change  of  ttre  Wind  :  So  that  we  countJed  49  Vibrations  of  the 
♦'  Pendulum^  as  before. 

As  to  ^the  S^ace,  which  Sounds  pafs  over  in  any  g$ven(  Time,  they  are 
not  yet  iatisfied  about  this  Matter  ;  but  from  fome  Experiments  they  appre* 
hend  it  to  be,  as  has  been  determined  by  the  E^^rimertCs  of  the  Academy 
del  Gmento. 

From-i^efe  Obfervations  it  abundmtly  appears,  that  Sounds^  may  be  heard 
much  farther  in  Italy  then  my  afbrefad  ingenious  Friend  has.  infbnn'd  us. 
For^theexcelteftt  Dr.  iV(?ty/^»-  has  heard  theExplofion  of'greacGuns  at  the 
Diftance  of  60  Milet.  Thofe  that  were  difcharged  a*  Florence  at  his  Reqpieft^ 
were  heard  55  Miles.  The  Guns  difcharged  at  Leghorn  w^ere  heard  at  the 
Diftance  ot  60  Miles.  Thofe  difcharged  at  Meffina  were  heard  by  ibme  at 
nearly  the  Diftance  of  100  Italian  Miles,  as  appears  by  the  Mnps.  Thofe 
difcharged  at  the  Siege  of  Genoa  were  heard  at  above  90  Mues  by  the 
Maps. 

All  which  Thingsf  confider'd,  I  cannot  but  think,  that  Sounds^  are  as. freely 
propagated  in.  the  Southern  Countries  as  in  thefe  to  the  Nbrdi.  Though  £r- 
amples*  are  not  wanting  of  a  farther  Progrefs  of  Sounds  in*  fdme  Nxxthem 
Countries  of  the  Earth.  A  certain  Bane  aflbred  me,  that  wheifr-  he^  livod  m 
JDemnark  he  teaxl  very  phdhly  the  Sound  of  fome  Bbmbs,  whieh<  weie  diA 
didT^td  3it:  Card/croon^  when  he  was  diftant  80  Mil^s^  i^  I  rightly  neMen^. 
The  very  skilfut  Dn  jfoi r^,  Phyfician  to  the  King  of  S^aoedins  foit^^  Account 
to  our  Royai  Society  concemihg  great  Guns  difchai^  «iUb^^  Jti  Dl  vSSgi 
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Ae  N6iie  of  whidi  tnvel'd  30  Swe^  Miles»  which  are  nearly  equal  to  180 
Ei^UJb  Miles.  Alfo  in  that  Sea-fight  between  Ef^land  and  Holland^  A.  D. 
x6ysL^  At  Noife  of  the  Men  of  Wars  Guns  wis  heard  by  fome  that  were  di- 
ftant  aboye  200  Miles :  For  it  pafs'd  over  our  Ifland  as  far  as  Shropjhire  and 

Therefore  what  was  obfenred  by  the  two  Brothers  Townleysj  is  peculiar  to 
the  fol-efiydC^e  -of  St.  JngiU^  or  at  leaft  to  Rom.  That  Diminution  of 
Sound,  which  they  took  Notice  of»  muft  be  owing  either  to  the  Situation  of 
the  aforeiaid  Caftle,  or  to  the  intermediate  Houfes  rifing  high  and  unequally 
in  that  City^  or  -to  the  foreign  Noifes  intermingling,  or  to  contrary  Winds,  or 
to  fome  other  C«ufe  of  4  Kke  Nature  :  Or  perhaps  they  made  their  Obferra- 
tions  in  fuch  a.Conftitution  of  the  Air,  in  which  Sounds,  are  much  more  faint, 
even  though  they  have  favo^r^ble  Winds,  than  ^t  other  Timea  when  they  are 
quitef  contrary; 

lO-M  have  often  oj[)ferved  in  Summer,  when  the  Air  was  hot,  that  Sounds  ^^^^' 
fecm'd  to  be  fainter  than  ufual,  &nd  to  come  very  weak  to  our  Ears  j  whereas  ^^  j^^ 
:  in  toother  Seafon,  efpecially  in  Winter  in  frofty  Weather,  they  were  much  tcnfcnefs 
more  ihrill  and  ftrong.  Alfo  when  the  North  or  Eaft  Winds  blew,  though  e^  Sounds. 
the  contmry  Way,  I  perceived  Sounds  to  be  lowder  than  when  die  Winds  f^'^l^^^ 
came  from  the  contrary  Quarters.  This  Kircber  alfo  took  Notice  of  at  Rome  •,  Oon  ^  J|^ 
.  cho*  it  18  not  GOnftant  and  perpetual.    '  Air. 

Nor  oould  I  conclude  any  Thing  with  more  Certainty,  from  the  Infpeftion 
of  ijbe  Quickfilver  afcending  or.  descending  in  the  Barometer.     For  fometimts 
when  it  rofe  to  the  very  Top,  Sounds  were  louder  and  ftrongcr,  and  fomc- 
times  weaker^     When  on  tnc  contrary  they  were  more  noify,  when  the  Mer-  , 
cury  fell  to  the  Bottom. 

;  There  is  a  like  Uncertainty  when  the  Air  is  ferene  or  cloudy.  In  rainy 
and  motft  Weather  I  have  often  obferved  that  Sounds  wa*e  blunt  and  duU« 
B»fe  aiter  Showers  that  were  violent,  they  have  acquired  much  Strength,  as 
Kktber  has  obfenred  at  Rome.  But  the  Contraiy  alfo  has  often  happened. 
Mdff'^U  1705,  tli^.Air  was  here  much  clearer  and  freer  from  Vapours  than 
.eviar  I  rwaember  to  have  feen  it  before.  The  Sky  was  fo  very  clear  and  lim-  ^ 
pid,  that  I  could  eafily  perceive  the  moft  diftant  Objefts.  Yet  I  could  not 
hear  thfc  KrtetGuHs  i^hich  were  then  difchai^d  on  Blackbeatb^  (excepting 
one^  vu(hote  Re)H>rt  I  heard  but  very  faintly)  though  I  could  eafUy  fee  the 
FlaAi  <^  every  one.  And  at  the  fame  Time  the  Motion  of  the  Clouds  and 
Wind  confpiced  widi  that  of  the^und.  For  a  very  mild  Air  thm  breathed, 
and  every  Thing  then  feem'd  to  concur  to  affift  the  Sound.  And  on  the 
feoAtrary,  whd^  the  Conftitttdon  of  the  Air  and  Heavens  was  entirely 
ch^sgedy  when  all  Things  were  turbid;  and  the  Atmofphere  was  full  of 
Vapoui%  I  have  obferved  that  Sounds  were  loud»  and  as  often  diill  and 
heavy. 

I  tnuft  leave  the  CauTes  of  theie  Variations  to  be  enquired  into  by  others, 
liecaiife  I  cohfefs  they  are  as  far  above  my  Capacity  as  it  is  to  aflign  what 
is  the  proper  A&irirm  or  Vehicle  of  Sound,    Whether  it  be  the  purer  and  more 

ethereal 
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ethereal  Part  of  the  Air,  or  the  denfer  and  more  vaporous  Part,  or  both  to- 
gether ? 

As  to  what  concerns  grofs  Clouds,  it  is  certain  they  very  much  blunt  and 
deaden  Sounds ;  for  then  Sounds  feem  to  be  generally  very  languid  and  dull. 
This  certainly  arifes  from  thofe  grofs  Vapours  and  clofc  Particles  that  coii'- 
ftitute  a  Cloud. 

The  fame  I  have  obferved  of  fnowy  Weather  :  For  when  Snow  has  yA 

fallen  upon  the  Ground,  Sounds  immediately  grow  dull.     But  as  foon  as  its 

Superficies  becomes  frozen  and  icy,  they  are  again  more  fiirill  and  ftridu- 

lous.     I  have  heard  Bells  and  Guns  tinkling  and  bellowing  as  loud  as  before 

the  Snow  fell.     Mr.  Townley  lately  aflured  me,  he  had  obferved,  (as  indeed  I 

have  taken  Notice  of  myfelf )  as  he  was  riding  on  Horfeback  throu^  fomc 

Town,  that  the  Noife  of  the  Bells,  which  were  ringing  not  far  off,  could 

hardly  be  heard  by  him  when  a  Houfe  covered  with  Snow  ihterpofed.    So 

that  entering  the  Town,  he  very  much  wondcr'd  to  find  the  Bells  ftop  on 

a  fudden,  as  he  pafsM  by  fome  Houfes  between,    and  again  to  ring  out 

when  he  came  to  a  Vacuity  free  from  Houfes.     And  this  he  obferved  all 

the  Way  paffing   through   the  Town,   that  the  Noife   of  the  Bells  came 

to  his  Ears  or  not,   according   as   the  Buildings  did    or   did  not  inter- 

pofe. 

Of  the  In-     II.  The  moft  illuftrious  Academy  delGmmto  found  by  Experiment,  that 

"^^^  the  Motion  of  Sounds  was  not  hinderM  by  contrary  Winds,  nor  promoted 

tbi  Mo^"  ^y  ^^^  Winds.     But  that  however  the  Winds  blew,  the  fame  Space  was  al- 

on  pf      ways  defcribed  in  the  fame  Time.    Gajfendus  was  of  the  ikme  0|)inioti  and  at- 

Sounds.    'moft  all  other  Philofophers. 

Yet  for  all  that,  the  Contrary  appears  from  Experience.  They  feem  to 
have  fallen  into  this  Miftake,  becaufe  they  made  their  Experiments  at  too 
fhort  a  Diftance :  For  it  is  very  probable  that  thefe  Philofophers  made 
their  Obfervations  from  the  Diftance  of  one  Mile  only,  or  two  or  three 
at  the  moft :  Therefore  it  cannot  be  wonderM  at,  that  they  are  fo  faid- 
ty.  But  if  they  had  tried  with  good  Inftmments,  at  ten  or  twelve  Miles, 
which  1  have  often  done,  they  would  foon  have  perceived  their 
Error. 

I  myfelf  have  often  fallen  into  this  common  Miftake,  feduced  by  the 
Authority  of  thefe  Gentlemen  ;  till  after  the  Obfervation  of  great  Guns  up- 
on Blackbeatb^  for  three  Years  and  more,  I  at  laft  very  happily  difcovcr'd 
and  retraced  it.  Now  when  firft  I  perceived  that  Sounds  arrived  at  my 
Ears  fometimes  fooner  and  fometimes  later,  I  entertained  a  Sufpicion  that  I 
muft  have  made  fome  Miftake  ;  either  that  I  had  mifcounted  the  Vibr^otis 
of  my  PendulutHj  or  had  not  rightly  obferved  the  Flafti  of  the  Powder,  or 
had  fallen  into  fome  other  Error  of  the  like  Kind.  But  when  the  Guns 
were  difcharged  on  Furpofe  for  me,  every  Half  Hour,  from  Six  a-Clock  to 
Midnight,  and  I  found  the  Sound  to  come  always  without  any  notable  Va- 
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riadon,  in  the  Space  of  120  or  122  Half-Seconds»^ven  though  the  Wmd 
I  'was  tnnte  contnny ;'  and  at  other  Times  when  the  Wind  was  fir^  whe- 
'.^^^4^^^  oC;^qx>&»  or  oUi^ue^  tbe<  Soqud  44  ^e  bixs^,  Qi|nfr  was  cb^ 
I  ferved  to  C5me  ia  the  Space  of  111,  i«3t  if^,  ii4«.  i<59  1169  or  a| 
[moft  117  Semi-Seconds:  Then  I  was  fuOy  perfuaded  that  tihere  was  fome 

material   Dtfftrcncer  whictL    produced    ttof   Taiety   ifl^Tte^  Cbftavaitt 

-CM.  ^• 

Kor  do  fsur  or  foul  Winds  pnly  acceierafie  or  setard  riie.  Motion  €f  Stmndst 
b^t  4^  ^cording  to  their  various  Degrees,  wlaether  they  blow  more  rAi> 
mently  or  more  .gently*  fo  much  the  more  or  lidEs^  they  pronuite  or  llindcx; 
Concemii^  which  I  mall  fubjoin  fome  particular  Obfenrations  In  the  fi41owf 
;ing  Table.  Firft  taking  Ndtice,  that  the  Guns  lupon  Blackbeaib  xt  iliftatf 
from  the  South  about  60  Degrees  \  ^  is,  that  ^»ef  do^ae  Vf$%  Point  ipQ^M 
:thing  more  remote  from  S  Wb  S.  ^  I 
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A  Tthk  tf  the  Sounds  ofgrtat  Guns  upem  Blackheadt,  acctrA^  to  tbt  Vanety 
9f  Winds,  and  Porets,  witb  wincb  tbtf  are  t^tated. 


The  Day  of 

4beMoMh, 

and  Ycair. 


T 


TheHpurof 
the  Day. 


The 

Numb,  I  The  Point 

of  Vi-  of  the  Wind. 

brations' 


The  CQurfc  of 
theCouds; 


Hetghc 
-  ofthc 
Mercury. 


•'•I704.-    , 
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21 


'  "FRc  6  Hourw  > 
At  Midnight,  f 
At  1 1 T  Morn. 


1705. 


Mar.  30 
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3 


S 
24 


10  in  theMom 
4  Afternoon. 


CM«~  .,«>X  ^-Afternoon 
^^P^"^T  7  Afternoon. 


29 
Offeb.  6 
Nov. 
Fehr. 


30 
15 


1706. 


Nov.  29  j 
F<?*r.    7 


10  in  theMom. 

in  die  Aftem 
Swindle  Morn 
5  Afternoon. 


I  oi  Morning. 
10  in  the  Morn. 
At  Noon 

II  in  theMom. 


I  ix  Morn. 
At  Noon. 
At  Noon. 


120 

122 

119 


"3 
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ii6^ 
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"5 
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118 
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Lower  Clouds  S) 

Up.  dittoWbNj 

SWby  W 


29  99 

30  22 


29     30 


NW 

ssw 

SE 

SSW 

SW 


SWbW 
W 


} 


29  80 
29         26 

Saker.^ 
NIortar7 
29     38 

29  34 
29  10 
29     60 


30    06 
29     83 


I  have  cho(^  thefe  Obfervations  out  of  many,  which  were  all  carefully 
made»  and  repeated  twice,  thrice,  or  oftner.  Thus  from  the  Experiments 
made  Jpril  ^,  and  Sept.  29,  it  appears,  that  violent  Winds  prefs  forwards  and 
Jiaft^n  Sounds.  For  on  Jpril  5,  when  the  Motions  of  the  Wind  and  Sottnd 
nearly  cbnfpired  together,  and  the  Wind  was  pretty  ftrong,  (as  is^denoted  fcgp  > 

the 
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die  Figure  annexed  [7]  and  in  the  fame  Manner  the  Cipher  [o]  denotes  a 
calm  Air,  and  the  Figures  i,  2,  3,  4,  &?c.  fignify  the  various  Strength  of  the 
Wind)  at  that  Time,  I  fey,  the  Sound  travei'd  its  Journey  in  the  Space,  of 
1 1 1  Semi-feconds.  But  on  April  24,  when  the  Wind  blew  the  fame  Way, 
and  the  Air  was  calm,  it  performed  the  feme  Journey  in  the  Space  of  116 
Semi-feconds.  So  Feb*  7,  1706,  when  the  Wind  blew  from  the  f«ne  Quar^ 
ter,  and  brou^t  the  Sound  along  with  it,  but  widi  a  Strength  that  was  not 
above  Half  as  much,  there  pafsM  113  Semi-feconds  before  the  Sound  com^ 
pleated  its  Journey.  So  again  Sept.  2^,  1705,  the  Wind  blowing  pitt^ 
ftitmg,  and  not  fo  feir,  the  Sound  pertorm'd  its  Courfe  within  112  Semi-* 
feconds.  From  which,  and  from  the  other  Examples  in  the  Table,  it  plaint 
ly  appears,  that  ftrong  Winds  affift  the  Propagation  of  Sound,  and  that  weak 
ones  do  not  promote  it  (b  much.  , 

The  fame  is  evident  alfo  from  thofe  Wmds,  or  Torrents  of  Air,  which  dl- 
teScf  fevour  or  hinder  the  Progrefe  of  Sound  ;  that  is,  du^  they  make  its 
Motion  eidier  fwifter  or  flower.  And  thofe  Fluxions  of  the  Atmofphere 
which  are  intermediate,  in  like  Manner  caufe  an  intermediate  Progrefe 
of  Sound,  or  make  an.  intermediate  Number  of  Vibrarions  of  the  Pen- 
dulum. 

The  greateft  Difference  which  I  have  yet  obferved,  in  die  Progrefs  of 
Sound,  for  the  Space  of  almoft  13  Miles,  is  equal  to  about  nine  or  ten  Half- 
feconds,  and  that  is  when  ftrone  Winds  help  the  Sound,  and  gentle  ones 
only  hinder  it-  But  when  thote  that  promote  or  obftruA  are  vary  mild 
or  none  at  all,  then  the  Difference  hardly  exceeds  two  or  three  Halt^fe* 
conds. 

12.  That  I  might  know  to  a  Certainty  how  much  Space  is  pafs'd  over  bfO/tbiWe^ 
Winds  m  any  affign'd  Time,  I  made  Ufe  of  certain  light  Bodies  in  my  Ex-  l<x?ty  •/ 
periments,  fuch  as  Down,  foft  Feathers,  &fr.  which  feem'd  to  be  better  adapt-  ^"^* 
ed  to  the  Purpofe  than  that  tnftrument,  which  is  defcribed  in  the  Pbilo/ipbi* 
col  TranfaSionSj  n.  24,  or  that  other    more   convenient  one  in  the  Shape  vid.  &- 
of  a  Windmill,  invented  (if  I  miflake  not)  by  the  the  mod  ingenious  Dr.  pni>V.ii. 

Hook.  s  XVII 

From  the  many  Experiments  which  I  have  made,  by  the  Help  of  thofe 
light  Bodies,  when  the  Strength  of  the  Wind  was  very  different,  I  found' that 
the  moft  vehement  Wind  hardly  pafs'd  over  fixty  Miles  in  the  Space  of  an 
Hour.  For  Example,  Juguft  11,  1705,  there  was  fuch  a  Storm  dt  Wind, 
that  it  almoft  overturned  the  Windmill  itfelf,  near  the  Place  where  Ixnade 
my  Obfervations.  [I  generally  denoted  the  Force  of  the  Wind,  as  I  have  faid  ^ 
already,  by  the  Figures,  o,  i,  2,  3,  &f^.  as  far  as  10  or  15,  or  more  De^'ees.} 
I  eftimated  the  Force  of  the  aforefaid  Wind  to  anfwcr  to  about  12  or  14  ot 
thefc  Degrees. ;  and  obferved  from  many  repeated  Experiments,  that  that 
Whirlwind  defcribed  about  33  Feet  in  the  Space  of  one  Half-fecond,  or  45 
Mifeiinin  Hour.  Whence*  I  colled,  that  Ac  moft  furious  and  moft 
ftoraiy  Wind,   pot  excqmng  that  Tempeft  which  raged   in  November^ 


4IA  Thg  Muim  ifV^amtt 

ijo$9  doo    HOC  fok   abote  fifty   or  fiity  Miles  la  the  Space  iSf  -ito 
Hcur» 

Having  tkiBmcafofed  the  Vdocky  of  the  moft  ia()i(i  Windb^  it  ^ritt  not 
be  difficuk  to^e&  what  is  theVelMirr  of  thofe  which  are.  k£$  vioknt :  For 
I  hart  obferved  diekr  Courfes  aih^  and  am  certified  by  Mvioiis  hxperitnems^ 
that  fome  of  thefe  traverlb  fifteen  Miles  in  an  Hpur^  ixttc  thbtxen*  fonoe 
much  mofe^  aad  fi>aie  much  lefs.  Some  creep  with  fo  flow  a  Motion*,  that 
thej  hardly  go  a  Mile  an  Hour.  Again,  fame  Winds  nnofre  £o  my  flow, 
diat  a  Man  on  Foot  or  on  Horfeback  may  ealiJy  overgo  themu  This  appears 
to  our  Senfes,  whenever  we  ftop,  and  feelagemk  Air  fanning  and  ovtarta* 
kii^us.  Bik  if  we  go  along  with,  k,  we  Adtt  notperceiwe  it  at  all.;  but  if 
we  ftep  forwards  <|iiick,  inftead  of  an  Air  that  accompamcr  iii»  we  fledl  find 
'  it  contrary  and  blowing  in  our  Faces.  Thus  when  ehe  Atmo^ete  b  quite 
ut  Reft,  and  ftagnating  as  it  were,  if  we  walk  or  rik^  we  then  perceivie  a 
gentle  Air  aar  tt  were  nmiing  ua,  and  of  j/a&  fuck  a  Strength  as  anfwers 
our  own  Motioh.  And  an  Air  of  Wind  feemsto  movi:  with  the  feme  Mo- 
'  tton  or  Veloctty,  as  we  ourfelves  move  the  contrary  Way. 

We  may  make  aaany  u&fid  Inferences  from  thefeOfafervattons/afaaat  the 
Velocity  of  die  Winds.  Particularly  we  may  affign  one  Reafon  why  the 
Mercury  afcends  and  de&ends  fb  kaig  befioore  fair  Weather  or  Rain  fol- 
lows. 

Butlflsall  omit  fijch  Thing^  asthefe,  as  being  foreign  from  my  Pur- 
pQ&u  I  Jhadi  only  obfecve  this  as  to  Soimds,  tmt  when  their  Motion  is 
iwifter  dwi  the  Wtnd^  it  appears  that  thde  Parts  of  the  Atmofphere  on  which 
Sounds  are  imprefs'd,  or  by  which  they  are  carried,  are  not  the  fame  as  thofe 
of  winch  Wilms  are  compofcd,  but  ftiine  others  more  etherial  or  volatik,  as 
far  as  may  be  conjeAured.  For  the  fwifteft  Winds  hardly  fly  above  60  Miks 
in  an  Hour,  whoeas  Sounds  can  pafs  above  700  Miles  in  the  fame  Space  ' 
of  Time. 

Now  if  iefhottld  be  objeded,  that  Winds  make  Sounds  fwifter  or  flower, 
it  might  be  anfwj^'d,  that  this  does  not  proceed  firom  the  proper  Rux  or 

•  Tendency  of  the  windv  Partkrles  alone,  but  rather  from  the  conjunft  and 
confpiring  Motion  of  all  the  Particles  ti  the  Atmofphere,  as  well  the  grofs 
l|  Ae  etbcftal.  Which  Dire£tion  of  the  Courfe  or  Motion,  if  it  fixvoors  lit 
l^nMialacions  of  the  Sounds,  their  Motbns  will  be  thence  accelerated,  but  if  it 
is  contrary  to  them^  they  will  be  retarded,  as  is  very  probable. 

PfthiVt'     i^  Therefore  I  conielude  very  ftrongly  from  what  has  been  now  £ud,  ud 

^1^^  many  other  Things  before  taken  Notice  of^  diat  Soimds  are  prcp^^Httd  ac^ 

:    tor^yng  to  thefe-Dttieea  of  Velocity ;  that  the  Piftanoe  of  a  Nfie,  or  52S0 

*  BiglUfi  Feet,  is  de^bed  in  the  Space  of  94  Half-feconds^  or  which  is  die 
jbmt  Thing,  they  defcribe  571  Feet  in  one  &mi-fecond,  or  1 142  Feet  in  the 

Space  of  one  Minute. 

Now  Sounds  pafe  over  the  afiorcfaid  Space  If  the  Courfe.  of  die  Atmo%liefe 
p  ohticpie,  and  is  thdr  mean  Prc^refs  or  Motion.  .  But  iif  die  Wind  ii^ 
Cf  o^  the  Rapidity  of  the  Sounds  it  is  poffiblc  they  may  pafs  over  660  fi^ 


or  more  in  the  JS^^ce*  of  a  HiJC-feooo^*  But  <sn  the  tomrary  i£  it  hinders, 
t^ey  imy  npt  pafe  over  j^lxwre  560  Feot  in  the  -feme  Time. 

Now  the  atorcfaid  ObfcrvaiSQns  »nd  ExpwQlenc^  ^iay  not.  hoa  UttljB.fcr- 
viccahle 

To  a  Pbilojopb^j  for  e3^)laming  the  abftrufe  Phenomena  of  Sound. 
-  To  a  Marhksft^  who  no^  fcvft  from  hence«  how  far  Shipa  Mie  from  him, 
wUcb  he  fees  flu£iua(ing  or  lying  at  Anchor  before  hinfi,  or  how  &r  he  is 
from  Laad  wlgach  he  foos  ar  a  Diftance.  Thde  Things  may  be  known  by  the 
Di^haig)^  of  Gvms  made  on  Puipofe,  or  from  a  Sig^  given»  and  that  very 
furely  and  exadly. 

To  a  SoUiiTy  to  find  at  what  Diftance  the  Qump  ^  the  Enony  ia  from  . 
him,  or  a  City  befieged.    For  the  Eleyatsoof  ^  gftflC  Gwia  opon  Fortifica* 
tions,  for  directing  of  Bombs,  6?r. 

To  a  Ge^r^^y  for  the  eafy  and  exa6t  Menfuration  of  the  Diftances  of 
Places*  For  any  one  in  the  Space  of  a  few  Hours  may  snake  a  Map  of  a 
whote  Country  very  cjraftly  by  this  Means.  For  Gun«  difchaiigec}  will  flicw 
the  Diftancies,  and  any  Mathematical  Inftmmem  for  meafijiring  Angles,  or  the 
common  Inftrument  of  Surveyors  caU'd  the  Plain  TdUe^  or  only  a  Ruler  pro- 
vkled  with  Sights,  will  (hew  the  Situation  of  the  fevinal  Places :  From  whence 
it  will  be  no  difficult  Matter  to  delineate  them. 

Laftly,  this  Method  of  Obfervation  may  be  applied  very  conveniently  to 
the  Meafuring  of  inacceffiWe  Places,  efpecially  very  wide  Rivers,  and  fuch 
Places  whofe  Diftances  are  otherwife  very  difficult  to  meafure. 

To  thtMeafiirer  of  Echoes.    Of  this  hidicrous  andpleafant  Phenomenon  of  o/tMAa^ 
Sounds,  the  £cho,  though  many  learned  Men  have  formerly  and  lately  made  ti<»  f 
very  anjCQUs  Enqviries,  yet  they  are  not  well  agreed  about  many  Things  con*  ^*®'^    . 
ceming  it.    Particularly  about  the  Space  necelfary  for  the  Repetition  of  i^ 
a,  9»  or  more  Syllables,  or  which  comes  to  the  fame,  of  the  Space  defcribed 

by  the  Echo  in  a  certain  Space  of  Time.    Merfemus  allows iPaces  to 

the  Repoftting  of  a  Word  of  one  Syllable  :  Blancanus  24  Paces,  with  whom 
ipr.  Phti  ^;rees.  But  JGrchfr  affirms,  that  nothing  certain  can  be  determined 
about  it,  becaufe  different  Winds,  and  the  different  Intention  and  Remiffion 
of  the  FoKre  of  the  Sound,  and  many  other  Circumftances,  produce  an  im- 
oienfe  Variety, 

But  it  is  not  difficult  to  aflftgn  a  Reafon  for  all  this  Difagreement.  For  it 
may  arife  from  many  Caufes  :  From  the  Dullnefs  or  different  Pifpofition  of 
eur  Senfes ;  From  the  various  Auditrility  of  the  Sounds  :  From  the  grave 
or  syrute  Tone  of  the  Syllables  themfelvei,  or  their  contracted  or  pro-* 
longed  Pronunciation  ^  or  from  any  other  Caufe,  that  prolongs  the  Inter-r 
val  of  Time.  For  f  make  no  Doubt,  for  Example's  Sake,  but  that  if 
any  Objed  that  refleds  Sound  could  return  all  the  Syllables  of  this  Verie, 

Vfi€aUs  Ifymphoj  fike  nu  ntum  leqwmtiy 

k  couki  hardly  return  all  the  SyiUabl«s  df  the  Vexjc  loUowiog,  be^aufe  their 
^Pronunciation  muft  be  Ibmething  longer, 

Carpus 
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Corpus  adhuc  Echo^  n$n  Vox  erat^  (^  tamen  ufim. 
And  much  lefs  could  it  repeat  all  the  harfh  aod  long  Syllables  of  the  foUov^^ 
lag  Verfe,  tho*  their  Number  is  much  fewer,  viz. 

ArXj  tridins^  rofiris^  ffbynx^  prafter^  iorrida^feps^ftryic. 

But  we  may  Conclude  from  die  foregoing  Obfervations  about  the  Mocioa 
of  Sound,  that  in  the  fame  Manner  as  Sounds,  fo  Echo's  defoibe  certain  dc- 
t^minate  Spaces  in  certain  Times.  This  I  hare  often  been  convinced  of  b^ 
Eaqierience,  that  the  Echo  returns  m  twice  the  Time  in  which  the  Vokt 
reach'd  the  refleding  Obje£t  For  Example,  if  the  Obftacle  refleAing  the 
Sound  was  diftant  a  Furlong,  then  the  Return  of  the  Echo  was  made  in  the 
iame  laterval  of  Time,  in  which  the  primary  Sound  would  have  described 
two  Furlongs,  if  it  had  not  been  interrupted. 

And  this  in  meafuring  the  Diftances  of  Places  was  often  of  great  Uie  t» 
me.  For  Exam{>le,  as  I  ilood  upon  die  Bank  of  the  Thames^  over-agaioft 
JVaohoicb^  the  Echo  of  a  Monofyllable  was  reverberated  by  the  c^pofite 
Houfes  in  fix  Half-feconds  of  Time.  Whence  I  colled,  that  the  Breadth  of 
the  Kwer  Thames  in  that  Place  was  1712  Englifi  Feet  from  Bank  to  Bank,  or 
above  a  Quarter  of  a  Mile  :  For  as  9,25  Semi-feconds  is  to  5280  the  Feet 
in  one  Mile;  fo  is  6  Semi-feconds  to  3424,8  Feet.  The  HaUT  of  which  is 
1712,4  Feet. 

LaiUy,  by  this  Means  the  Height  of  Thunder-clouds,  and  the  Diflance  ci 
Thunder  and  Lightning  itfelf,  may  eafily  be  known. 

0/thi^A'     XI-  The  moft  learned  Archbiftiop  of  Armagh  compares  the  Science  of 
Rwerdcs  Hearing  with  that  of  Seeing,  or  with  the  Science  of  Vifionj  and  divides  it 
intoDire6b,  Reflefted,  and  Refrafted,  in  the  fame  Manner  as  the  other  ^  fo 
that  he  confiders  not  only  direft  and  reflefted  Sounds,  as  others  had  done  be- 
fore him,  but  alfo  refrafted  Sounds.     He  obferves,  that  as  Vifion  has  faben 
perfefted  in  a  great  Meafure  by  our  Anceftors,  by  excellent  Opdcal,  CatcMK 
trical,  and  Dioptrical  Inventions  -,  fo  he  doubts  not  but  the  Hearing  may  be 
greatly  improved  by  Acouftick,  Catacouftick,  and  Diacouftick  InftrUments^ 
or  by  Phonicks,  Cataphonicks,  and  Diaphonicks,  (for  he  denominates  thefa- 
both  Ways)  as  well  in  refpeft  of  the  Obje6t  as  of  the  Medium^  or  of  the  Or* 
^/Wfiipr  &^'    ^^  propofes  Problems  thereto  belonging,  which  are  exhibited  in  thia 
V.I.C.V.Difcourfe,  but  not  only  without  any  Demonftration,  but  alfo  without  Deter- 
S.  XXII.  mination  or  Conftruftion.     But  there  are  many  Differences,  by  which  the  Pro- 
pagation of  Light  is  diftinguilhM  from  the  Diffufion  of  Sound.    Among 
which  this  is  a  notable  one,  that  Light  is  difperfed  always  according  to  right 
Lines,  whilft  Sound  is  fcatter'd  every  Way  according  to  Curves,  or  any  crook- 
ed Paths,'  and  becomes  fenfible,  though  the  Obftacle  of  any  opague  Body  is 
interpofed.  • 

And  thofe  very  Things  which  the  very  learned  Author  treats  of  concern* 
ing  the  Difiufion  of  Sound,  plainly  jnanifeft  its  Didcrence  from  the  Pr<maga- 
tipn  of  Light.  For  he  teaches,  that  Sounds  very  ealily  run  along  Walls,  or 
fmooth  Arches,  which  have  an  Elliptical  or  Cycloidal  Flexure  radier '  thn^ 
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CkcQlar^  and  diat  nfidi  a  kind  and  expe&dous  Couife ;  and  readily  moves 
along  the  foft  Superficies  of  Waier.  complying  with  the  ionarous.  Tremors 
widi  which  th<!f  Ai#  is  hiffled.    N6tr  mis  I  fear  is  roc  fo  generally  obferved  in 
the  Propagation  of  Light:  For  in  the  Ellipfis  we  have  this  only  demon- 
ftratcd  in  CatopCricks,  thsA  the  Rays  of  Light  proceeding  from  one  Focus  D,  pig.  176^ 
and  impinging  \ip5ri  the  Elliptical:  Curve  ABC;  bdhg  thence  reflc6bed  will  be 
cotledaed  in  thc^  other  Focus  E;     But  if  the 'Rays,  proceed  from  any  other 
Feint  G,  except  the  fWf,  tHey\<rfll  no  lo^ep  meet  in  the  fame  Point,  but 
cwillbeforefleaed'as  by  their  iContaataftorfh  the  CauftickCunre/^^    fo 
'tfiat  beirtg  'upon  ItsrConv^ty^  they  can  have'oiily  a  refledled  Ray  or  two, 
, and  not  mbre^  but-lying  in  tfieCir*yc  iffelfi  they  will  coincide  with  thofe 
that  are  neareft.     Btit  (uch^as  are  within  the  Concavity  of  the  fame,  will  lurvee 
no  fefledted  Rays^  nor  can  hope  for  any  Advantage^irom  them. 

As  to  the  Cycloid,  the  learned  yiKjebn  BifPioulU  has  (hewn,  in  the  /iBs  Fig.  177- 
of  LeipJhkfCsr  i6gy^  that  a  Ray  of  L^ght,  if  it  were  to  pafs  through  Meiiia^ 
whoft  Deilfities  viled  in  every  Point  according  to -a  fubduplicate  Ratio  of  the 
Altitudes,  would  b^  fo  continually  refra£ted,  as  that  it  would  be  bent  into  the 
Curve  of  ^  Cycloid.  But  I  cannot  perceive  what  the  Figure  of  a  Cycloid 
wtOdId  contribute  tdthe  better  Difluiion  of  Light.  For  this  Curve  is  without 
any  Foci,  fo  that  it  cannot  recoiled' tt^  /Rays  to  a  Point,  but  the  refleded 
Rays  will  pafs  from  it  into  irregular  CurVes,  unlefs  when  Rays  PM,  QN^ 
'panillel  to  the  Axis  KL  fall  upon  the  Cycloid  EMKNHj  for  then  the 
Caufti'ck  Line  formM  by  the  Contaft  of  the  reflecled  Rays  MR,  NS,  would 
be  cOmpofed  erf"  the  two  Cyclbids  ERL,  HSL,  generated  by  a  Circle  of 
Half  riie  Diameter,  and  would  exhibit  very  denfe  reflie&ed  Rays  about  L  the 
Confine  of  each,  at  the  Middle  of  the  Bafe  of  the  refledting  Cycloid.  But  as 
wellinthefe  as  in  other  Caufticks,  refulting  from  any  Pofition  of  the  lu- 
minous Point  and  the  Rays,  the  fame  Obfervations  would  take  Place^  which, 
we  hdVe  already  (hidw'd  to  belong  to  Caufticks  form'd  by  anEUipfk. 

I  have  nothing  to  add  concerning  the  plain  Superficies  of  Watecs,  fines 
it  appears,  that  the  Rays  of  Light  will  pafs  through  it,  either  altogether  re^ 
fraiAed,  or  will  be  fent  back  the  contrary  Way  by  Reflexion^  juft  as  by  the 
^nrface  of  a  folid  Chryftal,  nay  fomething  more  flrongly  by  this^  than  by 
diat^  (^o  ht  are  they  from  creeping  eafily  along  its  Side,  that,  they  may 
the'  more  expeditiopfly  be  fent  direftly  forwards,  and  obtain*  dbat  ready  Pro^ 
aefs,  which  the  Author  attributes  to  the  Harmonic  Tremors  creeping  along 
m^lbft  Surface  of  the  Waters,  and  by  its  waving  Motion  accommodating  it* 
felf  to  their  Flexure.  Nay  we  may  juftly  doubt,  whether  the  moft  fmooth 
Softet^ficies  of  Specula,  as  well  as  of  Light,  would  much  conduce  to  the  Re-^ 
flejden  of  Sound,  fince  the  Echo  itfelf  feems  to  inhabit  the  very  rough  Recefles 
of  Caves,  leather  than  polifh*d  Walls,  and  fuch  as  are  lined  with  a  thin  fine 
Mortar ;  fince  it  often  returns  an  Anfwer  from  uncultivated  Vallies^  from  un* 
eren  Caverns,  and  from  the  Ruins  of  old  Buildings. 

Yet  I  would  not  be  underftood  as.defigning  to  detrad  any  Thing frpn^ 
the  Citdit,  or  the  Praife  due  to  what  is  advanced  bv  the  learned  Author^,  who 
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;Soufids>  tb»t  :W  mn]^  kniowr,^  ^h«t,t4ii^.rh^  foMPQwrTAmonwe  ft«- 
t>i«;20edi  thnwgh  the  JSki^yfmu  uA  lA  Kind  of  991^  tf  ^anf  D^^, 
both  fluid  w4  Tolid :  A^  in  wha«  cmflfts  fhap:  CvPlS^ity  bqcvcai  L^flht  and 
Sound,  whicfak  as  yet  is  imUnp^n.t(^,u;»^r/iietKe  tkt  FouncUtioBs  of  Aooih 
fticks  being  confkm'd*  diti  Science  maf  he^tfr  be  VcioderfuUy  infcoired, 
after  the  i)tfi:otef7  of  proMr  Ir^nntnettts  f$r  <x>iigraEtfi«p^,  ipcfeafii^  tt^. 
motingt  muidplyings  acid  dtftinguifliing  SoiHid*  I  waH  endeAvour  in  mie 
Manner  to  explain  nis  Acoufticon,  or  the  Phoniek  Sphere  pn^x^ed  hf  Um, 
and  that  rather  by  diming^t^  {ir^erpretings  firft  gNog  m  own  Wonis, 
that  they  may  be  compaml  >vith  my  Conje^wes  to  ht  added  afcerwaid(» 
aad  that  crcry  one  rtiay  be  4bte  lo  judgp  how  .exaiftly  th^  •nfyyjer. 

t  Jhall  here  add^  fays  the  Author,  a  Sin^fdm$e  of  an  Acwfikk  ^r  Pb^md 
.  Sphere^  as  an  Attempt  to  ixplkatn  the  gtieat  Principle  ef  fbU  Mence^  mbicb  is, 
the  Progr^on  of  Sounds.  Ton,  are  to  c^rveive .  this ,  rude  Sfimplam  as  patMBdM 
the  Horizon^  for  if  it  be  perpendicular  thereunto^  IfaPP^fi  ^he  Etttnmity  tmUk 
no  bnger  Circular^  iut  lifperhoUeaU  and  tie  lower  Part  of'Jffmt^Jp^gnnt 
Circle  of  the  Earth.  <£#  th^  the  whole  Phmhal  Sphere^  if  Imtrffo  cailU^  mU 
he  a  foUd  Hyperbola^  fiandit^  upon  a  concMe  Spherical  Bufe.  The  Dii^;iMfi 
Fig.  i78.cranrmitted  from  London  was  ^fer  this  Nfeitner,  .but  without:  aciy  Notes  cr  Ex- 
plication h^  which  it  nri^t  be  iUofitratodi 

Therefore  fubftituting  this  other' Figilre,.!  ftioll  att^imx  to  explain  theMiiii 
Pig.  179-  of  the  Author.  Let  the^Globe  <^  the  Eaiithife  CGFEi  wd  at  the  P<^C 
6[  its  Superficies  let  a  Soutid  be  cKdted.  This  )wiU  be  pnopagated  fouad 
about  by  the  Earth  itfelf,  and  alfo  by  the  Air ;  ifo  thai;  at  what  Tunc  k  ar- 
rives at  the  great  Circle  of  the  Earth  deicribed  with  theJPok  C,  tho*  perhaps 
infenfibly,  or  at  leaft  m^ht  arrive  at  it,  if  it  were  forcible  enough,  buig  dtf* 
lufed  thrq^gh  the  Air  it  would  fill  i]p  a  certain  %MCe,  according  €o  thed^ 
ferent  Degrees  of  eafy  Paflagis,  not  ejttended  altogether  fphoical^  btt  Ufti* 
equally,  and  drcumfcrtbed  by  the  Perimeter  4>f  theHyp^bola  GLAKE, 
about  the  Axis  CAO,  which  is  perpendicular  60  the  fonorous  Body  C  :  Or 
rather  determin*d  by  the  Superficies  of  an  Hyperbdical  CcHioid,  which  iajK* 
nerated  by  she -Rotation  of  the  Hvperboia  ALO  about  its  Axis.  TberoSit 
the  endre  Phonical  Sphere,  throu^  which  the  Sound  is  extended  in  a  gjvmi 
Time,  will  be  the  kiid  Space  compidieoded  by  the  Hymibdtcal  ConU 
GAEB,  which  ftands  upon  the  great  Circle  of  the  Eardi  GBE,  and  is  w^ 
nrnnated  below  by  the  conca?ve  hemifpherkal  Superficies  GCEB.  ^Whidi 
Space  being  cut  zaj  where  by  a  Phdn  parallel  to  the  HorisQB  will  erittfak  ite 
Semicircle  LIK,  uich  as  the  Author's  Figure  ihews,  which  lie  caik  a  7rmi 
piane,  becaufi^  dse  View  of  his  Diagram  exhibita  oidy  ^fie  Half  of  il»  die 
ocberHalf  reaiaiiung  conoeal'd  beyond  ihe  veecicfll  HypoBbota,  which  iifitf 
cots  the  Phonick  Sphere  through  the  Ajds  mto  two  e^al  Parts.  But  what  is 
the  Species  of  this  Hyperbda,  or  by  what  Ptiacipks  this  Doctrine  is  iuppoft- 
cd,  neither  die  Author  lumiclf  ifaews,  nor  have  I  any  Foundation  id  Mid 
ConjeOutts  upon.  ^ 
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Thcfdore  procoodiiig  u  an  indireft  Order  of  Inveftigation,  I  (hall  firft  ex« 
plauif  through  what  Species  of  Lines  the  fonorous  Tremors  muft  be  pro- 
pajgafiedy  that  they  may  he  expanded  intq  fuch  an  Hyperbola  in  a  given 
Time.  \  fecondly,  what  we  myft  liippofe  the  Variation  of  Rarity  to  be  at 
different  Altitudes  of  the  Air,  that  admitting  the  common  Law  of  Re&aftion 
obferved  by  the  Rays  of  Light,  fo  that  it  may  bend  the  Directions  of  Sounds 
accordii^  to  the  Species  of  Lines  fo  found  ;  and  thirdly,  whit  muft  be  the 
Law  <£  R^ra&ion  on  the  other  Hand,  which  the  fonorous  Tremors  obferve 
IB  thofe  Curves,  fuppofmg  the  Variation  of  the  Air's  Denfity  to  be  fuch  as 
moil  Philofophers  and  Mathematicians  allow,  according  to  the  reciprocal  Ra«  - 
tao  €£  the  Weight  of  the  incumbent  Atmofphere,  preflang  the  lower  Pan$ 
downwards  ;  which  they  contend  to  be  confirm^  by  ExperimenL 

F<M'  which  let  us  confider,  that  xkt  fonorous  Body  C  communicates  its 
Tremors  every  Way  according  to  the  Diredions  C»,  C»,  Cbj  or  certainly  Fig.  180. 
according  to  thofe  Lines  by  which  the  Impulfe  was  made,  that  by  reftoring 
itfelf  it  repel'd  the  Air,  and  urg^sd  it  on  by  the  frequent  Ofcillations  by  which 
it  b  a^tated,  and  is  put  ina>  a  tremulous  Motion  when  difiufed  according  to^ 
the  (ame  Dire&ions.  Therefore  in  a  certain  little  Time  let  thefe  Tremors  be 
conceived  to  arrive  at  the  Points  m^  n,  bj  whence  purfuing  their  Way  after 
another  given  Time  they  will  be  fucceffively  propagated,  the  firft  to  the  Point 
N,  the  Second  to  M,  and  the  Third  to  H.  Again,  after  another  given  Tim^ 
they  will  arrive  together,  flie  firft  at  G,  the  other  at  L,  the  laft  at  A.  There- 
fore I  fhall  BOW  call  the  Lines  C»NG,  C01ML,  Cj&HA,  the  fonorous 
Rays  bi^ng  thofe  through  which  every  Tremor  is  fucceffively  dtffufed ;  but 
the  Lines  »f»i&,  NMH,  GLA,  which  the  aforefaid  fonorous  Rays,  and  all 
Oilier  that  are  fynchronou^  i^id  intermediate  to  them,  together  approach  to  in 
ai^y  gvren  Time,  I  (hall  caM^onorous  Waves. 

And  indeed  in  a  Medium  which  is  every  where  quite  uniform,  the  Caufe 
€Deafil^g  wluch  compels  the  fd^norous  Tremors  to  go  out  of  their  Direftion,  it 
is  plain  the  fonorous  Rays  muft  always  proceed  ftrait  on,  or  go  du:e£tiy  the 
Ihorteft  Way  from  one  Term  to  another,  wliich  will  make  the  Waves  to  be 
perfedly  circular,  and  concentrical  to  the  fonorous  Body.  For  fmce  they 
H^  no.^eatqr  Difficulty  to  pais  here  than  elfewhere,  they  will  be  promou^ 
a£  equal  Diftances  in  every  given  Time.  Now  every  Ray  will  cut  its  Wave 
perpendicularly,  and  all  the  Waves  will  be  concentrical  and  fimilar^  as  is  plain 
from  the  Eleijients. 

But  in  a  Medium  of  unequal  Denfity,  as  in  the  Air  furrounding  the  Earth, 
which  according  to  its  different  Diftance  has  a  different  Degree  of  Rarity,  (for 
inow  we  ihall  abftrad  from  its  Viciffitudes  of  Heat,  Cold,  Humidity, 
and  Dryne&,  which  cannot  be  reduced  to  any  certain  Rule)  the  Ray  CH  A 
alone  pafling  papendkularly  through  all  the  aerial  Layers,  or  Superficies  con* 
centrical  to  the  E^rtb)  will  continue  d^re^tand  unrefraded;  but  others  falling 
obliquidy  upon  the  lame  Superficies,  will  be  refradled  at  every  Point  by  a 
cart«a  contnualFJejcuK^  and  will  he  bent  into  the  Curves  CioMLvC  iiJ^G^ 
aixl  according  to  die  di^erent  Facility  of  Paflage  will  not  proceed  every 
TWQuVf.  Hhh  where 
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'^\itxt  to  the  famcDiftance  in  the  fame  Time.     Wherefore  the  Points'A>  L,  G, 
or  H,  M,  N,  whiph  the  Sound  emitted  through  any  Rays  at  the  fame  Mo- 
ment  of  Thne,  will  be  unequally  diftant  from  the  fonorous  Body  C,  and 
thence  the  Lines  ALG,  H  MN,  hmn^  will  by  no  Means  be  Cirdes  ccmcen- 
trical  to  the  fonorous  Body,  but  Curves  of  another  Kind,  which  however  will 
be  fimilar  to  one  another,  and  fimilarly  pofited.     Wherefore  in  the  Hypothefis 
of  our  Author,  who  will  have  that  extream  Wave  ALG  to  be  Hyperbolical, 
which  furrounds  the  ultimate  Limits  of  the  Terraqueous  Globe ;  it  muft  fol- 
low, that  any  other  intermediate  ones  HMN,  bmn^  muft  be  like  Hyper- 
bola's, and  fimilarly  pofited  to  the  different  Vertices  A,  H,  h^  but  deicribed 
with  the  fame  Center,  to  the  fame  Axis,  and  under  like  Figures  of  their  \jt 
tera.     For  by  whatever  Method  it  may  be  fhewn,  that  becaufe  of  the  fimul- 
taneous  Appulfe  of  the  Sound  to  the  Points  A,  L,  G,  through  the  fynchronal 
Paffages  CHA,  CML,  CNG,  the  Wave  ALG  will  become  a  Curve  rf 
fuch  a  Species,  fuppofe  Hyperbolical ;  the  fame  will  prove  from  the  fame 
Foundations,  becaufe  alfo  ot  the  fimultaneous  Appulfe  of  the  Sound  to  die 
Points  H,  M,  N;  by  the  fynthronous  Lines  C  i&  H,  C  w  M,  C  »  N,  the  Wave 
H  MN  will  pafs  into  a  Curve  of  the  fame  Species,  which  in  this  Cafe  will  be 
a  fimilar  Hyperbola,  and  fimilarly  pofited,  as  appears  of  itfelf.     Nor  can  there 
be  any  Doubt  but  that  the  fonorous  Rays  CHA,  CML,  CNG,  muft  always 
cut  thofe  fimilar  Waves  ALG,  HMN,  hmn^  perpendicularly  or  at  ri^t 
Angles,  as  happens  in  the  circular  Waves.    And  as  the  learned  Mr.  Huygens^ 
in  his  French  Treatife  concerning  Light,  p.  44,  has  proved  this  in  a  like  Sub- 
jeft  concerning  Lucid  Waves,  we  need  not  fpend  any  more  Time  in  confirm- 
ing this  Obfervation  here. 

•  Therefore  the  Inveftigation  of  the  Paflage  according  to  which  the  Propdh 
gation  of  the  fonorous  Rays  are  performed,  in  the  Hypothefis  of  our  Author, 
is  reduced  to  this  purely  Geometrical  Problem  ;  to  find  the  Nature  of  didc 
Curves,  which  cut  perpendicularly  any  fimilar  Hyperbola's  which  arc  defcribed 
about  the  fame  Axis,  and  the  fame  Center  in  a  fimilar  Manner.  Let  ALG, 
T%g.  181.  HMN,  >«»,  and  innumerable  others  intermediate,  be  fimilar  Hyperbola's 
and  fimilarly  pofited  either  above  or  below  thefc,  having  the  feme  conunoa 
Center  O,  and  defcribed  with  the  fame  Axis  OAH,  to  which  the  other  OS 
is  conjugate.  Through  the  Point  C  the  Curve  C^ML  or  C»NGisto  be 
drawn,  which  may  cut  perpendicularly  all  the  Hyperbola's  propofed.  Thro* 
the  given  Point  C,  between  the  Afymptotes  OA,  OS,  let  an  Hyperbola 
CfwML  of  fuch  a  Nature  be  defcribed^  that  fuppofing  the  Ratio  of  the 
tranfverfe  Diametier  of  the  former  Hyperbola's  AL,  HM,  6ff,  to  the  LdUas 
ReHum  of  the  fame  to  be  equal  to  the  Ratio  of  /  to  r ;  the  Powers  of  the  Or- 
dinates  LQ^  denominated  by  the  Exponent  r  may  be  reciprocally  propor- 
tional to  the  Powers  of  the  Abfciffes  from  the  Center  OQ,  denominated  by 
the  Exponent  /.    That    is,    making  OQ^=x,   and  Qla^zy^  it  may  be 

jr=  ^.    Or  drawing  any  other  Ordinate  miy  Mis  fb  that  the  Ratio  <rf^-the 
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Diftances  from  the  Center  OQ.,  OI,  may  be  fuch  a.MulCiple  of  the  Ratb 

of  the  Qrdmates  I M,  QJU  reciprocally,  as  the  Frafkicm  J!l  is  -a  Multiple  of 

Unity.  I  fay,  that  this  will  fatisfy  the  Demand.  For  drawing  LP  a  Tangent 
to  any  Hypeiix>ki  AL  in  the  Point  where  it  is  cut  by  the  Curve  CML,  as 
alfo  SL  R  a  Tangent  of  the  Hyperbola  C  M  L  in  the  fame  Point ;  it  appears 
from  what  we  have  Ihewn  in  the  Demonftradon  of  Ht^gens*^  Theorems^  c.  y. 
n.  g.  that  it  will  be  OQ^to  QR  as  the  Exponent  of  the  Power  of  the  Dif- 
tanc^  O  Q,  to  the  Exponent  of  the  Power  of  the  Ordinates  Q  L,  that  is, 
as  /  to  r.  But  as  /  to  r,  or  the  Laius  tranfoerfum  to  the  reSum^  fo  is  (by 
37  L.  Conic.)  the  Refbngle  OQP  to  the  Square  of  Q  L.  Therefore  it  is  as 
O  Q^to  Q  R,  or  taking  a  common  Altitude  QP^  as  the  Re6i:angle  O  QP  to 
the Redfcmgle  PQR,  fo  is  the  Reflrangle  OQ  P  to  the  Square  of  QL,  which 
therefore  will  be  equal  to  the  Redbngle  P  QJl.  Therefore  the  Angle  PLR 
will  bea  right  one.  And  hence  the  Curve  CML  cuts  the  Hyperbola  ALG 
perpendicularly  in  the  Point  L.  And  in  the  fame  Manner  it  will  be  proved  • 
to  be  perpendicular  to  the  other  Hyperbola's  HMN,  bmn^  in  the  Points 
M  »,  in  which  it  cuts  them.     ^  E.D.  s 

Hence  we  liaay  infer,  firft*  that  if  the  Hyperbola  A  L  G,  determining,  the 
Phonick  Sphere  of  the  Author,  and  the  odier  like  concentrick  ones  HMN, 
imni  are  equilateral ;  then  becaufe  of  the  Equality  of  the  Sides  /  and  r,  the 
Hyperbola  CML  will  be  that  of  Jfolloniusj  and  alfo  equilateral*    For  its 

I 
Equation  before  exhibited  will  be  changed  into  this  7  =  — ,  where  the  Ratio 

of  the  Ordinates  is  (imply  reciprocal  to  the  Ratio  of  the  Diftances  from  the 
Center.  Therefore  alfo  the  fonorous  Rays,  as  alfo  the  fonorous  Waves,  ac- 
cording to  this  Hypothefis  would  be  Hyperbola's  of  the  fame  Species,  but 
only  in  a  different  Pofition.  I  remember  that  Newton  Ihcws  in  his  Opticks^ 
h  3.  /.  287.  Ob.  10.  that  when  Rays  of  Light  received  into  a  dark. Room 
ai€  made  to  pais  over  the  Edges  of  two  Knives,  they  are  alike  bent  into  Hy- 
perbolical Frindges^  fuch  as  CML;  of  which  Phenomenon,  if  the  phyfical 
Caufe  could  be  aflign'd,  the  fame  perhaps  might  prevail  with  us  to  believe, 
that  the  Rays  of  Sound  are  alfo  Hyperbolical,  fuch  as  the  Syftem  of  the 
Arehbiihop  of  Armagh  feems  to  require. 

Secondly,  it  is  to  be  obferved,  that  if  many  fuch  Curves  were  defcribed, 
or  Hyperbolical  Rays  iwML,  »NG,  (^c.  peqJendicularly  cutting  the  Hy- 
perbolical Waves  ALG,  HMN,  6ff.  they  could  not  meet  eicadly  in  one 
Point  C,  though  they  might  approach  nearer  and  nearei;  towards  C  and 
might  come  to  a  Diftance  lefs  than  any  affignable.  Therefore  thoie  Hy- 
perbolical Rays  muft  be  conceived  to  proceed  from  a  Corpufcle  C  of  fome 
&ctenfion,  and  not  from  a  Mathematical  Point,  which  is  molt  ^reeable  to 
it.    For  Sound  is  produced  by  the  CoUifion  of  Bodies,  and  cannot  be  ge- 

Hhh  2  ncratfid 


420  Of  the  NatUft  and 

nested  b^  the  Tremor  of  what  is  ftrl^  a  VoiKC,  or  one  fom  of  Ci^ 

tenfion.  "^ 

Nav,  (boe  all  the  Waves  propagated  from  afefioraas  Body;  as  ive  lunie 
feen  aoove,  ought  to  be  fimilar  Hyperbola's  ;  it  is  proper  we  fhould  conceive 
the  ifotior()tis  S)dy  C  to  be  as  it  were  a  very  finall  Fiiml  vibrating  vctj 
fwiftly,  whole  leaft  and  as  it  were  inhnal  W^ve,  being  isUfmoft  infinkely  fmsll 
^9  39  49  -is  ^cif  truly  Hyperbolica!,  or  mher  cbe  phyfical  Apex  of  iamt 
Hyperbola.  So  that  the  vibrating  Fibril  of  the  fimoMus  Body  C,  §ot  Ex- 
ample, while  it  is  ftruck,  being  difhirbed  from  its  direft  Stuation  2  C  4,  by 
the  Force  of  Percuffion  into  the  concave  Situadon  254,  then  being  reftocod 
by  die  Force  of  its  Vfery  vdicment  Elafticity  and  atfo  of -'its  proper  Tenfion^  it 
fwetts  into  the  convex  Hyperbola  234,  and  again  reduced  by  alternate  Vitm- 
'tidns,  and  fluduadng  on  each  Side  expands  its  TremofS*  mto  Hyperbolicd 
Waves  always  fimilar  to  the  initial  ones  2  3  4,  2  5  4^  upwards  and  down waids  of 
their  own  Nature,  in  a  Medium  without  Refiftance.  But  perimps  being  hia- 
der*d  by  the  Obftacle  of  the  Earthly  Globe  C  E,  whofe  Center  is  T,  it  may 
propc^te  its  H3rperbo]ical  Waves  only  upwards,  and  defcribe  the  Pimnick 
Sphere  imaginM  by  our  Authoi-,  interrupted  and  limited  in  its  lower  Part  by 
the  Terreftriai  Hemifphere. 

'\  Now  if  the  Doctrine  of  P.  Pardies  is  true,  which  is  propoftd  Artie.  81.  of 
Ms  Statiiks^  that  Strings  llretch'd  by  the  Force  of  their  own  Weight  affiime 
an  Hyperbolical  Figure,  fuchas  254,  whofe  Center  is  the  fame  as  that  of 
•  die  Earth  s  every  one  may  fee  this  would  be  moft  congruous  for  confirming 
the  Syftem  of  our  Author.  Hence  alfo  a  Reafon  would  be  fupplied,  why 
every  Fibril  of  a  fonorous  Body  C,  while  it  is  agitated  by  harmonical  Vibci- 
tions,  would  put  on  the  Form  of  the  Hyperbola  254,  having  its  Center  in 
the  Center  of  the  Earth  T,  and  in  like  Manner  would  arife  to  another  equal  to 
it  2r34,  and  thence  would  diffuie  the  Tremor  through  odier  and  larger  Hy* 
pertx)la's,  the  Center  of  ^1  which  would  be  O,  equally  diltant  from  the  io- 
norous  Body  C,  as  the  fonorous  Body  ttfelf  is  difhuit  Irom  the  Cenier  of  the 
Earth.  Wherefore  the  Diftance  C  O,  equal  to  the  Diameter  of  the  Terra- 
queous Globe,  would  determfaie  the  Limit  beyond  which  no  fonorous  Wave 
would  be  propagated,  and  no  Sound  could  be  heard.  And  the  Line  O  S,  as 
being  the  Afymptote  of  any  of  the  Hypeibolical  Rays,  throu^  wfaicfa  the 
Sound  is  convey'd,  would  be  the  Coi^ne  of  that  happy  Reeion,  in  which 
Men  might  philofophize  in  the  utmold  Tranquility,  fecure  from  all  Ncife 
of  Earthly  Affairs. 

Now  dut  no  one  may  think  this  Speculation  is  to  be  deijpife^  on  this  Ac- 
count, becauie  every  Fibril  of  Na  fcmorous  Body,  as  bring  very  ihort  and  very 
much  diftended,  Ihould  feem  always  to  remain  in  a  ftrait  ^tuation  2  C4,  nor 
can  evo:  be  bent  into  the  concave  or  convex  Hyperbola's  2  54,  234;  It  is  10 
be  confider'd)  that  Hyperbola's  are  fo  much  the  more  enkrged,  and  w^ 
proach  fo  much  the  nearer  to  a  ridit  Line,  the  longer  their  Axes  become. 
Therefore  becaufe  of  die  vaft  Di&nce  of  the  Cent^!B  T  or  O,  like 
which  fallmg  Bodies  defcribC)  are  eftemi'd  as  Parailela  tho'  directed 
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Cteter  of  the  E«9Clu.  ani  the  Aidn  of  a  horizontal  Circle  are  not  diftiii- 
tguiflied  fix>m  a  rig^t  Line  that  is  a  Tangent ;  lb  thofe  initial  Hyperbola's 
254,  234*  may  be  faidalmoft  to  coincide  wkh  the  right  li^  Whence 

the  Curvature  of  the  vthrating  Fifarils  in  a  fonorous  Body  is  not  fMfible,  nor 
4loes  ^  Species  of  the  Hype^olical  Waves  diicover  kfdf,  till  they  are  di- 
Itted  into  a  larger  Space  G  L  A  LG,  and  approach  nearer  to  their  Center. 

Yet herek  is  to  oe  obferved,  thiu:  it  will  follow  from  thefe  Principles^  the 
Sound  will  not  ix&  at  the  Sides  beyond  the  Space  comprehended  by  the 
eztream  Hyperb(^cal  Rays  298^,  476^*  which  the  right  lines  T3VT4, 
ivirould  touch,  drawn  frcnnithe  Center  of  the  Earth  through  the  Terms  of  the 
'Wibntdfig  Fibril.  And  indeed  the  Tremors  of  that  Fibril  would  not  proceed 
according  to  any  other  DireAion  than  by  T  2,  T  «,  T4,  and  other  interme- 
diate ones  comprehended  by  the  Angle  2T  4,corre^x>nding  to  the  fereral  Far^- 
tides  of  the  fame  Fibril.  Therefore  the  Space  without  the  faid  Hyperbola's 
2  9^Sf>  47  6  J"*  would  remain  without  any  harmonical  Tremor,  nor  accord- 
ing, to  the  Meaoing  of  the  Author  could  the  Phonical  Sphere  be  extended  to 
the  whole  Hemifphere  of  the  Earth.  Therefore  no  one  Fibril  of  the  fo- 
norous Body  muft  ever  tremble,  but  that  at  the  fame  Time  it  muft  draw  the 
Terms  of  the  other  Fibrils  with  which  it  is  connected,  and  between  which  it 
is  diftended,  and  muft  likewife  excite  them  to  an  harmonical  Tremor.  Thefe 
muft  bring  others  with  which  they  are  conne£ted,  and  make  them  tremble 
likewife  ;  juft  as  a  mufical  String  ItretchM  on  a  wooden  Inftrument  evidently 
communicates  its  Tremors  to  it.  Hence  harmonical  Ofcillations  are  prefently 
transfufed  into  other  Bodies,  with  which  they  are  mediately  or  immediatisly 
conneded^  tho*  always  more  and  more  weakened^  and  at  laft  becoming  ii>- 
fenfible  are  fpread  through  the  Superficies  of  the  Earthly  Hemifphere,.  and 
creep  on  farther  and  farther.  This  the  Ear  itfelf  can  teftify,  if  applied  to  the 
Earth,  and  may  diftinguifh  any  great  Noife,  tho*  raifed  afar  off.  Therefore 
aMb  from  other  Places  other  fonorous  hyperbolical  Rays  emerge  through  the 
whole  Hemifphere  of  the  Earth,  by  which  the  Phonick  Sphere  of  the  ArcK- 
bifhop  of  Armagh  may  be  fufficiently  replenifh^d. 

I  intend  to  be  (horter  in  difcuffing  the  two  remaining  Problems  which  I 
have  propofed  above.     And  yet  I  fliall  endeavour  to  folvc  the  fccond  Qucf-  ^ 

tion  £uter  a  more  general  Manner,  that  its  Ufe  may  be  the  more  extenfive. 
JLiCt  Nil  G  be  fuppofed  to  be  any  Ray,  either  lucid  or  fonorous,  changed  pig.  ito. 
into  a  Curve  of  any  Kind,  by  a  continual  Refraction.  'Tis  enquired  after 
what  Law  the  Denfity  muft  be  fuppofed  to  be  varied,^  or  the  Rarity  of  the 
M^dnm  at  its  different  Altitudes ;  that  admittmg  the  Theory  of  Refra^on, 
which  fupp<^es  the  Sine  of  Refra^on  to  be  always  proportional  to  the 
Rarity  of  the  refrading  Medium^  that  Ray  may  become  a  Curve  of  fueh  a 
Nature  ?  I^et  the  Axis  of  the  Curve  Nii G  made  by  the  refradied  Ray,,  be 
the  right  Line  C  O,  in  which  taking  any  Point  C,  with  any  Radius  C  L  let 
the  circular  Quadrant  LP^  be  defcribea,  and  drawing  any  where  the  Tan- 
qp&t  N  R,  »r,  of  the  refraded  Ray,  from  C  let  there  be  drawn  a  Ray  pa- 
s^l  to  the  faid  Tangent^  meeting  the  Circle  in  P,  and  drawing  P  F  parallel 
s»  the  Axis^  let  it  meet  the  Ordinate  N  Q  perpendicular  to  the  Axis  in  the 

Point  . 
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Point  F,  I  fay  that  the  Curve  thence  arifing  F/F  by  its  Qrdmates  FQ,  /^, 
will  exprefs  the  Rarity  of  the  Medium  at  its  different  Altitudes.  For  becauie 
C  P  is  parallel  to  RN,  the  Angle  P  C  B  will  be  equal  to  that  Aagle  which 
the^  retraced  Ray  N  n  makes  with  the  Perpendicular  at  the  Point  N.  And 
therefore  B  P  or  F  Q  will  always  be  the  Sine  ofRefradion,  the  whole  Sine  be- 
ing C  P.  Wherefore  fince  the  Law  of  Refradion  is  fuppofed  to  be  fuch,  that 
the  Sine  of  the  fame  is  proportional  to  the  Rarity  of  the  Mtiium^  the  iame 
Line  FQ^will  denote  the  Rarity  of  the  Medium  at  the  Altitude  Q,  or  itt  the 
Point  N  of  the  fame  Altitude,  through  which  the  Ray  paffes.  ^^.  E,  D. 

Now  in  our  Propofition,  in  which  ON  = ^  becaufc  of /=_f_^  if 

\  r 

F  Q^  denoting    the    Rarity .  of  the    Air   be    called    ic^   it  will    be   2  = 
;  or  taking  r  and  C  P  for  Unity,  'tis  z  = 


Vx »''■*■*' +/^  •x  »  +  *'  +/r 

And  in  the  Cafe  in  which  the  hyperbolical  Wave  is  equilateral,  and  there- 
fore the  Ray  alfo  is  a  like  equilateral  Hyperbola,  'tis^r  =  -,  becaufc  /  =  i, 


and  therefore  it  will  be  2  =  > 

•  A?*  +  1 

Now  becaufe  as  well  Jacobus  Hermannus  in  the  Afts  oi  Ltipjick  1706,  as 
Dr.  D.Gregory  in  his  Aftronomy,  /.  5.  prove  the  Curve  which  determines  die 
Degrees  of  the  Rarity  of  the  Air  to  be  the  Logarithmic  Curve,  fo  that  die 
Altitudes  O  Q^,  oq^  or  y,  will  be  the  Logarithms  of  the  Numbers  that  ex- 
pound the  Rarities  of  the  Air  in  the  Points  Q^,  y ;  it  is  plain  that  the  Curva- 
ture of  the  continually  refrafted  Rays  N  »,  N  G,  proceeds  in  fuch  a  Manner, 
that  the  Sines  of  the  Complement  of  Incidence  and  of  Refradtion  being  raifcd 

r  ^ 

to  the  Power   ,  fhall  have  a  Ratio  compounded  of  the  Ratio  of  tte 

Right  Sines  raifed  to  a  like  Power,  and  of  the  Ratio  of  the  Logarithms  of 
the  Rarities. 

But  tho'  I  might  grant  that  the.  ordinary  Law  of  the  Refraftioft  of  Ligbt 
g^ves  the  Sines  of  Incidence  and  Refraftion  proportional  to  the  Rarides  of 
the  Medium  \  yet  I  mull  not  diflemble,  that  perhaps  this  may  not  be  very  ex- 
aft.  For  the  Ratio  of  the  Sines  in  the  Refraftion  out  of  Air  into  Glds  is 
about  feiquialter,  yet  Air  is  above  a  thoufand  Times  rarer  than  Glafs.  But 
when  Geometricians  perceived,  that  the  Sine  of  Refraftion  in  the  Pafl&ge  into 
another  Medium  became  greater,  according  to  the  greater  Facility  with  which 
Light  could  penetrate  it  in  the  common  Hypothefis,  or  according  to  the  greater 
Difficulty  in  the  Opinion  of  Cartefius^  who  fuppofes  on  the  contrary,  tte 
Light  is  more  refrafted,  becaufe  of  the  greater  Difficulty  in  a  rarer 
than  in  a  denfer,  as  heavy  Bodies  becaufe  of  a  greater  Difficulty  in 
denfer  Bodies,  in  thefe  are  more  refraftcd  by  rebounding  from  the  Pe  ^ 

cukr ; 
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cular ;  and  that  both  Laws  agree  in  this^  chat  according  to  the  greater  Rarity 
of  the  Medium  there  would  be  a  greater  Refra&ion.  Hence  it  has  obtam'd 
that  the  Sines  are  faid  to  be  proportional  not  to  the  Facility  or  DifEculty  of 
the  Paflage,  either  of  which  by  tome  is  called  in  Queftion,  but  to  t]>e  Rarity 
of  the  Medium  in  which  all  agree,  tho'  the  true  Proportion  does  not  altogether 
anfwer  to  it  in  the  fame  Geometrical  Ratio.  Therefore  where-ever  Mention 
is- made  of  Rarity,  perhaps  we  ihould  fubftitute  Facility  of  Paflage  in  the 
common  Hypochefis,  or  Difficulty  in  that  of  Cartefius^  except  where  we  fay, 
that  the  Rarity  arifing  from  the  Weight  of  the  incumbent  Atmoibhere  cor- 
refponds  to  the  Altitudes,  as  Numbers  correfpond  to  their  Logarithms.  .  For 
(his  is  moft  exadly  agreeable  to  Truth. 

A  Paper  emitted. 
XII.  Some  Theorems  concerning  the  infinite  Divifibility  of  Matter,  which  ■•339•^te• 
demonftrate  its   great  Rarity,    and    the  Tenuity  of  its  Compofition,    by 
Means  of  which  many  Difficulties  in  Phyficks  are  removed.    By  Dr.  John 
Mil 


C  H  A  p.     V. 

Hydroftatics.     Hydraulics. 

L  •np  H  E   following  Experiment  feems  to  be  of  Ufe  in  difcovering  the  Afeot  ^ 

X     Proportions  ot  the  Attradtions  of  Fluids  j  I  fhall  give  what  Account  wtter  i*-  . 
I  can  of  it,  though  I  have  not  here  Convenicncics  to  make  it  in  fo  fuccefsful  oi^.'*^ 
a  Manner  as  I  could  wi(h.  Sy^'i?. 

I  faftened  two  Pieces  of  Glafs  tagether,  as  flat  as  I  could  get  \  fo  that  they  i^r?  n'  336* 
were  inclined  in  an  Angle  of  about  two  Degrees  and  a  Half;  then  I  fet  them  t^^-  ^ 
in  Water  with  the  contiguous  Edges  perpendicular.     The  upper  Part  of  the  jtw*^* 
Water,  by  rifing  between  them,  made  this /$!P^^^^>  -f^]?-  183.  which  is  as^*'^5» 
I  copied  it  from  the  Glafs. 

I  nave  examined  it  as  well  as  I  can,  and  it  feems  to  approach  very  near  to 
the  common  Hyperbola.  But  my  Apparatus  was  not  nice  enough  to  difcover 
this  exactly. 

The  perpendicular  Afymptote  was  exaftly  determined  by  the  Edge  of  the. 
Glais  *,  but  the  Hmzanial  one  I  could  not  fo  well  difcover. 

II.  Some  Days  ago  a  Method,  propofed  to  me  by  an  ingenious  Friend,  fovneCtutetf 
making  a  perpetual  Motion,^  whioi  feem'd  plaufible,  and  eafily  demonflrable  '^  ^^'^^ 
from  an  Obfervation  of  the  late  Mr.  Hawksbee^  faid  to  be  grounded  upon  Ex-  fion  ^  w«I 
pkriment,  was  tried  i  which  (though  not  fucceeding)  has  given  Occafion  not  ^^  '^capH- 
^fJM  CO  rectify  fome  Miitakes,  into  which  we  had*  been  led  by  the  late  Mr.  i^^Dr^].]L 
;.%        .  Hawksbee,^\y^i- 

'  p.  739* 
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Hawkshee^  but  ItkewHe  to  deteft  the  real  Priincipfe  1^  wfakh  Witftr  is  vi&A 
and  fufpended  in  capilkry  Tubes  abov«  the  Levei. 
Fig.  184.  Mf  PrienJ^s  Propofd  was  as  foUaws.]  Let  ABC  be  a  c^iUaiy  Sphoop 
coiBpofed  of  two  L^  JB^  B  C»  unequal  both  in  JLength  and  Diameter  ( 
vfbok  longer  and  narrower  Leg  AB  having  its  Orifice  A  immerft  in  WaMv 
the  Water  will  rife  above  the  Levd,  till  it  fills  the  whole  Tube  A  B^  and  wiU 
then  continue  fufpended.  If  the  wider  and  fliorter  Leg  J  C  be  in  like  Man- 
ner immerft,  the  Water  will  only  rife  to  ibme  Heights  ss  FQ  lefs  than  die 
entire  Height  of  the  Tube  B  C. 

This  Siphon  being  fill'd  with  Water,  and  the  Orifice  A  fiiak  below  the 
Surface  of  the  V^ater  D  JE,  my  Friend  reafons  thus ; 

Since  the  two  Colums  of  Water  AB  and  FC^  by  the  Suppofition,  will  be 
fufpended  by  fome  Power  a£ting  within  the  Tubes  they  are  contained  in,  they 
cannot  determine  the  Water  to  move  one  Way  or  the  other.  But  the  Co- 
lumn B  F  havii^  nothing  to  fupport  it,  muft  defcend,  and  caufe  the  Watnr 
to  run  out  at  C*  Then  the  Preffure  of  the  Atmofphere  driving  the  Water 
upward  through  the  Orifice  A  to  fupply  the  Vacuity,  which  would  other- 
wife  be  left  in  the  upper  Part  of  the  Tube  J5C,  this  muft  necefiarily  pro- 
duce a  perpetual  Motion,  fince  the  Water  runs  into  the  fame  VefieJ,  out  of 
which  it  rifes.  But  the  Fallacy  of  this  Reafoning  appears  upon  making  the 
Experiments.  / 

Exp.  I.  For  the  Water,  inftead  of  running  out  at  the  Orifice  C,  rifes  up- 
wards towards  F,  and  running  all  out  of  the  Leg  BCy  remains  fulpended  in 
the  other  Leg,  to  the  Height  AB. 

Exp.  2.  The  fame  Thing  fucceeds  upon  taking  the  Siphon  out  of  the  Wa- 
,  ter,  into  which  its  lower  Orifice  A  had  been  immerft,  the  Water  then 
falHng  in  Drops  out  of  the  Orifice  A^  and  ftanding  at  laft  at  the  He^fat 
AB.  But  in  making  thefe  two  Experiments,  it  is  necefiary  that  AG^  ^ 
Difference  of  the  Legs,  exceed  FCy  otherwife  the  Water  will  not  run  either 
Way. 

Exp.  3.  Upon  inverting  the  Siphon  full  of  Water,  it  continues  without 
Motion  dther  Way. 

The  Reaibn  ot  all  which  will  plainly  appear,  when  we  come  to  dif* 
cover  the  Principle  by  which  the  Water  is  fufpended  in  capillary  Tubes. 

Mr.  Hawksbee^s  Obfervation  is  as  follpws. 
Fig.  185.  L/^ABFC  be  a  capillary  Siphon,  into  which  the  Water  will  rife  sdmve 
the  Level,  to  the  Hdght  CF,  and  let  BA  be  the  Depth  of  the  Orifice  of  its 
loiter  Lqg  below  the  Surface  of  the  Water  D  E.  Then  the  Siphon  ben^ 
fill'd  with  Water,  if  BA  be  not  greater  than  CFj  the  Water  will  not  rtui 
out  at  Aj  but  will  remam  fufpended. 

This  feems  indeed  very  plaufible  at  firft  Sight.  For  fince  the  Column 
of  Water  FC  will  be  fufpended  by  fome  Power  within  the  Tube,  why 
fhould  not  the  Column  BA  being  equal  to»  or  lefs  than  the  former,  rnnrjiiM 
fufpended  by  the  iame  Power  ?  ^^tt 


/^Exp.  4.  In  fea,  if  the  Orifice  C  be  lifted  up  out  of  t^e  W*^ 
7)  £,  the  Wato:  in. the  Tube  will  cqntinue  fufpended,  unlefi  B  A  fSi^ 
cctdFC'  .... 

Exp.  5.  Hut  wheaC  is  never  fo  li^le  immers'd  in  the  Water,,  imme-^ 
diately  the  Water  Uh  the  1  ube:nins  out  in  Drops  at  the  Orifice  ^, 
tho'  the  Length  ^  5  be  confiderably  lefs  than  the  Height  C  F. 

Mr.  Hawkflfce^  in  his  Book  of  Experiments,  has  advanced  another 
Obfervation,  namely>  that  the  ihorter  Leg  of  a  Capillary  Siphon,  as 
A  BFC,  muft  be  immers'd  in  the  Water  to  the  Depth  F  C,  which  is 
equal  to  the  He^ht  of  the  Column,  that  would  be  fufpended  in  it, 
before  the  Water  will  run  out  at  the  longer  Leg. 

Exp.  6.  From  what  Miflake  this  has  proceeded,  I  cannot  imagine; 
for  the  Water  runs  out  at  the  longer  L^,  as  foon  as  the  Orifice  of 
the  Ihorter  Leg  comes  to  touch  the  Surface  of  the  ftagnant  Water, 
without  being  at  all  immersM  therein. 

I  proceed  now  to  enquire  into  the  Caufe  of  the  Afcent  and  Suipenfion 
of  Water  in  capillary  Tubes. 

That  this  Pha^nomenon  is  no  Way  owing  to  the  Preflure  of  the' 
Atmofphere,  has  been,  I  think,  fufficiently  prov'd  by  Mr.  Hqwkjbic*^ 
Experiments. 

And  that  the  Caufe  affign'd  by  the  fame  Perfon,  namely^  the  At- 
tra6tion  of  the  concave  Surface,  in  which  the  fufpended  Liquor  is 
contain'd^  is  likewife  infufiicient  for  producing  this  EfieA,  I  thus  de* 
monftrate. 

Since  in  every  capillary  Tube  the  Height,  to  which  the  Water  will 
foontanooufly  afcend,  is  reciprocally  aa  the  Diameter  of  the  Tube,  it 
feibws,  that  the  Surface  containing  the  fufpended  Water  in  every 
Tube  is  always  a  given  Quantity :  but  the  Column  of  Water  fufpended 
is,  as  the  Diameter  of  the  Tube,  Therefore,  if  the  Attraftion  of 
the  conta'ming  Surface  be  the  Caufe  of  the  Water's  Sufpenfion ;  it  will 
follow,  that  equal  Caufes  produce  unequal  Effefts^  which  is  abfurd. 

To  this  it  may  perhaps  be  objofted,  that,  in  two  Tubes  of  unequal 
Diameters,  the  Circumitances  are  different,  and  therefore  the  two  Caufes, 
tho'  they  be  equal  in  themfelves,  may  produce  Effeds  that  are  un- 
equal. For  the  lefier  Tube  has  not  only  a  greater  Curvature,  but  thofe 
Parts  of  the  Water,  which  lie  in  the  middle  of  the  Tube,  are  nearer 
to  the  attradling  Surface,  than  in  the  wider.  But  from  this,  if  any 
xhing  follows,  it  muft  be,  that  thie  narrower  Tube  will  fufpend  the 
-greater  Quantity  of  Wat^r,  which  is  contrary  to  Experiment.  For 
the  Columns  fufpended  are  as  the  Dianieters  of  the  Tubes. 

fiut  as  Experiments  are  generally  more  fatisfadory  in  Things  of  this 
Nature,  than  Mathematical  Reaforungs,  it  may  not  be  amifs  to  make 
ufe  of  the  following,  which  appear  to  me  to  contain  an  Experimentum 
jCrucis^  \        ,  ,  . 

'  The  Tube  C  D  is  eompofed  of  two  Parts,  in  the  wider  oiF  which  Fig.  186. 
,±iiid  Water  wiU  rife  fpontaneoufly  to  the  Height  B  F,  but  the  narrower 
Part»  if  it  were  of  a  fuffijciCnt  Lerjgiih^  would  ralfc  the  Water- to  a 
Height  equal  to  CD. 
•:     ,VoL.  IV.  I  i  i  Exp. 
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Bftf.  7.    This  Tube  being  fili'd  with  Water,  and  the  wider  Eai  C 
immers'd  in  the  ftagnaiit  Water  ^  D;  the  whole  continues  iufpeoded. 
Fig.  187.  .Exp.  8.  The  narrower  End  being  immers'd,  the  Water  immediatdy 

fcMdes,  and  ftands  at  laftac  the  Height  DG  equal  to  JIF. 

Fiem  irfxieh  it  is  maitfeft,  that  tkt  Sufpenfion  of  tlie  Water  in  ^ 
former  of  theie  Experiments  is  not  owing  to  the  AtcraAioii  of  the 
containing  Sui^e :  fince,  if  thtt  were  true,  dits  Surfitce  being  the 
fame,  w^  the  Tube  is  inwrted,  would  fufpend  the  Water  at  the 
fame  Height. 

Having  fliewn  die  Infufficiency  of  this  Hypothefij,  I  come  now  to 
the  real  Caufe  of  that  Phasnomenon,  which  is  the  Attnftion  of  the 
Peripherj,  or  Sedicm  of  the  Surface  of  the  Tube,  to  which  the  upper 
Surfece  of  the  Water  is  contiguous  and  coheres. 

For  this  is  the  only  Part  of  the  Tube,  from  which  the  Water  mofl: 
recede  upon  its  fubfiding,  and  confequently  the  only  one,  which  by 
the  Force  of  its  Cohefion  or  Attrafliofi,  oppofes  the  Defcent  of  the 
Water. 

This  likewife  is  a  Caule  proportionable  to  die  ESeSt  which  it  pnv 
duces ;  fince  that  Periphery^  and  the  Column  fufpended,  are  botk  ia 
the  fame  Proportion  as  the  Diameter  of  the  Tube. 

Tho^  irom  eidier  of  thefe  Particulars  it  were  cofy  m  draw  a  juft 
Demonftration,  yet  to  put  the  Matter  out  of  all  iioufat,  it  may  be 
proper  to  confirm  this  Aflertion,   as  we  have  done  the  former^  by 
actual  Experiment. 
Fig.  188.  Let  therefore  £  D  C  be  a  Tube,  like  that  made  ufe  of  in  the  Ttfa 

and  8th  Experiments,  except  that  the  narrower  Part  is  of  a  greater 
Length ;  and  let  jff  F  and  J  G  be  the  Heights,  03  which  the  Watct 
would  fpontaneoufly  t^fe  in  the  two  Tubes  £  D  and  D  C 

Exp.  ^.  If  this  Tube  have  its  wider  Orifice  C  immers'd  into  the 
Water  y/j?,  and  be  fiird  to  any  Height  kfs  than  die  Length  of  tk 
wider  Part,  the  Watser  will  imoioc&tely  fut){id<s  to  a  Leisd  widt  the 
Point  G  J  but  if  tiie  Surfece  of  the  containM  Water  enter  never  fo 
Utitle  within  the  ftnaller  Tube  E  D^  the  whole Cohimn^ DC  will  he 
fufpended,  prorided  tiie  LeAgth  of  that  Column  do  not  exceed  che 
Height  JR 

In  this  Experiment  it  is  plain,  that  there  is^  nothing  to  fufttia  tim 
Water  at  fo  great  a  Height,  except  the  Contaft:  of  tjbe  Periphery  of 
the  leffer  Tube,  to  which  the  upper  Surface  of  the  Water  is  contigiKM& 
For  the  Tube  D  C,  by  tiie  Suppofition,  ia  not  able  to  iuppott  tfe 
Water  at  a  greater  Hdght  than  ^G. 
fig*  1B9.  Exp.  10.    When  the  lame  Tube  is  inverted,  and  the  Wafeer  is 

rais'd  into  the  lower  Extremity  of  the  wider  Tube  C  i>,  it  iioioiedsate- 
ly  finks,  if  the  Length  of  the  fufpended  Column  DH  ht  greater  than 
G  B ;  whereas  in  the  Tube  D  £  it  would  be  fufpended  to  the  Heig^ 
A  F.  From  which  it  manifefUy  appears,  that  the  Siifpenfiott  of^c 
Column  Z)  H  does  not  depend  upon  the  AttraAion  of  ite  Tube^itf^ 
but  upon  the  Periphery  Of  the  wider  Tube>  with  which  its  uppes^V 
face  is  ia  conta^ 

-  For 
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For  die  lake  of  thofe  who  are  pleasM  with  feeing  the  fiune  tVng 
fttcceed  in  diSerent  Manners,  we  fubjoin  the  two  following  Experi- 
nients,  whkh  are  in  Subftance  the  fione  with  the  9th  and  torn. 

^  ^  C  is  a  Siphon,  in  whofe  narrower  and  fhorter  Leg  AB^  if  it  Fig.  190. 
Were  of  a  fufficient  Length,  might  be  fufpended  a  Column  of  Water 
of  the  Height  £  F;  but  the  longer  and  wider  Leg  JB  C  will  fofpend 
DO  mwe  than  a  Column  of  the  Loigth  G  H. 

E9fp.11.  Thb  Siphon  being  fiUM  with  Water,  and  held  in  the  fame 
Pofition  as  in  the  Figure,  the  Water  will  not  nin  out  at  C  the  Orifice 
of  the  longer  Leg,  unlefs  DC,  the  Difierence  of  the  Legs  AB  and 
B  C;  exceed,  the  Length  E  F. 

Exp.  12.    If  the  narrower  Leg  BC  be  loM;er  than  AB^  die  Water Fig«  igu 
Will  run  out  at  C,  if  DCy  the  Difference  of  the  Leg3,  exceed  £F-, 
otherwife  it  will  remain  fufpended. 

In  thefe  two  Experiments  it  is  plain,  that  die  Cokimaa  D  C  art 
ilifpended  by  the  AttraAion  of  the  Peripherics  ac  A^  fince  their 
Lengths  are  equal  to  £jF,  or  to  the  Length  of  the  Cdiimn,  whidi 
by  die  Suppo&ion  thofe  Peripheries  ace  wle  to  fupport  %  whercB- 
the  Tubes  B  C  will  fuftain  Ck>lun(ui8,  whofe  Lengths  are  equal  to 
GH. 

Though  thefe  Experiments  feem  to  be  conchifiye^  yet  it  may  not  be 
improper  to  preirent  an  Ofcgeftlon,  which  naturally  prefents  itfelf^ 
and  which  at  firft  View  may  be  thought  fufiicient  to  overturn  our 
Theory. 

For  fince  a^  Periphery  of  the  Tube  £  D  is  able  to  fuftab  no  more  Fig.  tss. 
than  a  Colunm  of  the  Length  A  F,  contain'd  in  the  fame  Tube,  how 
comes  it  to  fuftain  a  Column  of  the  fame  Length  in  the  wid^  Ttabe  D  C, 
which  is  aa  much  greater  than  the  former,  as  the  Section  of  the  wider 
Tube  exceeds  that  of  the  narrower  ? ' 

Again,  if  a  Periphery  of  the  wider  Tube  DC  be  able  to  fuftahi  apig.  ig,. 
Column  of  Water  m  the  iame  Tube,  of  the  Length  jB  G ;  why  wiUk 
fupport  no  more  than  a  Column  of  the  fame  Length  in  the  nntower 
Tubt  ED? 

Which  Queries  may  likewife  be  m9de  vmh  regard  to  thr  sitii  and   . 
izth  Experimems. 

The  Anfwer  is  eafy;  for  the  Moments  of  thofe  two  Columns  of 
Water  are  precifcly  the  fame,  as  if  die  foftaming  Tubes  JEI> and  CD 
weit  continued  down  to  the  Surface  of  the  ft&gnant  Water  AB^,  fince 
the  Velocities  of  the  Water,  where  thofe  Cohamns  grow  wider,  or  nar- 
rower, are  tp  the  Velocities  at  the  amafting  Peripheries^  rectpnicaily  m 
the  diflbent  SeAions  of  the  Cohimns. 

Exp.  13.  From  which  Confideratiqn  arifts  dn  remariodrfe  Fftradoa,  Fig.  192. 
That  a  Veflfel  being  given  of  what^v\er  Form^  tt  ABCf  and!  coa- 
tainmg  any  affignable  Quantity  of  Water,  how  great  fbever  ^r  dm  whole 
Ql^ffi^  of  Water  may  be  fofpended  above  the  Lefel,.  if  the  iq^per 
F*n  of  the  Vefiel  C  be  dtnmn  out  into  a  capiHary  Ttdis  of  a  foflficwit 
Fineness. 

I  i  i  a  But 
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:  Bat  whaher  this:  E)cperifn'efit  wHl  facceed,  when  the  Height  of  the 
Veffel  is  [greater  than  that,  to  which  Wa^cr  ¥riU  be  raised  by  th^  Prefliift 
of  the  Atmofphere,  and  how  far  it  will  bealter'd  hyfkV^^my  I  (ha^ 
give  ah  Account  ibtne  (Ahcx  time.  ? 

■  Having  difcover'd  the  Caufe  of  the  S^fpinfioa  of .  W^er  in,  capiUarjr 
/Tubes',  it  win  not  be  dUBcuk  to  account  for  tl»e  feemingly  fponuneoui 
Afcent  of  it ;  For  fmce  the  Water  that  enters  a  capiUary,T.ubet  as  fooa 
as  Its  Orifice  Is  dipt  t;herein,  has  its  Gravity  taken  off  by  the  Attraftion 
of  the  Periphery,  with  which  its  upper  Surface  is  in  co^t&d,  it  muft 
inecefiarily  rife : higher,-  -partly  by  the  Pr^ure  of  rfie  ft^^nanc  Water, 
and  partly  by  the  Attraftion  of  the  Periphery  immediately  above  tha^ 
which  is  ali^^ady  contiguous  to  JL 


TJkeABkmof      III.  In  a  former  Difcourfe,  I  maiotainM,  that  the  Sufp^n0on  of  Wa* 
^^vJ"^  ttr  in  a  capillary  Tube  was*awin]gto  the  Attra6):ion  of.  a  fmall  annular 
wc^dH    ^^^^  on. the  infidc  of  the  Tube,  which  touch'd  the  upper  Part  of  the 
Bvtr,  by  the  Water.  Among  the  icveraJiExpcriments  nVade  ufe  of  ?o  prove  this  Af- 
lame, n.  363.1ertion4  was  that  of  a  Glaia  Funnel  of  feveral  Inches  Diameter,  having 
.p.  1083.       ij3  fn^aii  End  drawn  out  into  a  very  fine  Tube,,  which  Funnel  being  in- 
verted and  fiird  with  Water,  the  whole  Quantity  of  Water  therein  cpn- 
tatn'd  wasfuftain'd  ^ibve  the  Level  by  Ac  AttraAion  of  that  narrow 
^dntttdus^^xyt  Glafs,  with  which  the  upper  Surface  of  the  Water  was  in 
COntaA^:*.  : 

Soon  after  that  Difcourfe  was  printed,  came  out  a  Book  publi/h'd  by 

.a  Leamed.and  Ingenious  Mem  bier  of  this  Society,  in  w|uch  that  £1^* 

rimeQt  was  accounted  for  in  the  following  Manner,.  * 

Fig-  193-      /  ^  there  bi.  a  Funndy  as  A  BQ  full  ^fFaScTj  and  wbQfe  wide  Ea4 

fiJidsiHiaVeffelefW^aier  as  BC^and  tbeTop  of  ibe Fuffnd  A ef^  isi a 

Capillary  Tube  open  at  A^  the  whole  fffaierwillbefufta^H^d  \  the  Pillar  A  s 

Jy  the'AttraSHon  of  the  Circle  of  Glafs  within  the  Tube  immediately  above  it  i 

■jsnd:^libe:r0of  the PiUars  ofWater^'ai  Ff,  D  d,  E^^  Ggi^c.infomf 

meafiere  iy:the  AttraSim  of  the  Parts  fif  the  Glafs  above  themy  as  F^D^E% 

/  G:  And  that  the  fmall  Pillars  or  Threads  of  Water ^  D  J,  and  E  e^  do  not 

.    fiide/dosm1d:Ff  andG]giandfdgo  ^uife  down^fiems  tpbeowing  to  their  Co- 

he/ion  with  the  Pillar  Aa^  which  isfuftain'd  by  the  Capillary  T^e  A:  For  if 

you  break' of  the  faid  Tube  at  DE^  the  ivhole  Water  will  prefently  Jink  down. 

\  As.thi^Sblution  was'  different  from  what  I  had  before  given,  and 

the  I^p.utati€fn  of.  that  Gentleman  was  fufficient  to  give  Weight  t? 

-any  tsf  jiis  Opinions  ^  .1-  thbught  myfelf  under  an  Obligation  to  exa? 

onine  his  Account  of  the  Experiment,  in  order  either  to  demonftrace 

its  InfufEciency,  or  to  retraft  my  own  Solution,    Accordingly  at  the 

. :  ^  I  ^jr   ,next  Meetinjg  of  the  Society,.  I  produced  the  following  t^periment. 

Fig.  194.        :  ThfiFn&nel^jFGjRC,  whofe  lower  Part  fi CFG,  was  cylindrical 

€0  ^  coofiderable  Height,  and  whofe  Top  was  drawn  out  into  a  fine 

-.Tube  at?  A^:  being  fill'd*  with  Water  to  the  Height  B  F,  fo  that  the§ur- 

fecc  of  the  Water  F  G,  did  not  reach  to  the  vched  Part  of  the  Funwh 

I  touched  the  End  A  with  a  wetted  Finger,  whereby  a  fmall  Quantity 

.--v  ::;::"  'of 
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bipWiter.  beJn^  inOrruated  iht©  *he-CapiHary  Tube  at\4i  the-^Water 
contained'  in  the  Funnel  was  fijfpended  above  the  Lrrel  of  the  Watser  ia 
the  Cifterh  />,  J?,  as  in  thte  fdrincr  Experiment.      '  ;-;  t  ^    . 

'  In  this  ^Experiment  it  is  nianifeft,'  tharthe  Kttk  Colujuns,  intQwfakb 
we  may  fypppfe  thp  Cylinder  oF  Water  FGBCy  to  be  divided,  are  no 
Way'fuftafn'd  bj^  the  Attraftibhof  the  arehed  Fart  of  the  GMi  lii6yc 
them,  fince"  they 'have  Ao  Cohta^bwith  it.  Nor  is  there  any-  liich 
mfddle  Pillar  of  Waiter,  ^hicKv  by  its  Gontaft  wkh  the  Tub*  at  Top^ 
Isbothfuftain'd  itfetf,  and  helps  to  fupport  the  Pillars  about  fc  'Upon 
the  ;S.uppo(itiQn  of  which  two  Pard€Ulars,  diat' Gentleman*!  SbhiOOQ 
was  founded.-  '*    •    '  "   *  .    .      '  '.  *  ' .     '  ;•  '^    •  »  ■ 

This  l^xperirfient  may  be  thus  ae^countdd  fof  ^'  I'heCylirider  of  Wa» 
tit  FG  B  C,  bjr  its' Weight  barahcesa  Part  of  fhe  Preffare  of  the  Ac^ 
nro^ere,  wKidi  is  incumbent  on  the  Water  iri  the  Ciftern,  and  eadea-* 
vours  to  force  that'tlylihd*  upWfi'ds.';  The  reft  of  that  Preffure  is 
balanced  by  the .  Spring  of  fhe^  Air  A  P  G^  whkrh  is  included  be-' 
tween  the  Cylinder  of  Water  FGBC^  and-^-thC'  Kttle  Column  of 
Water  in  the  Capillary  A.  -BuC  <as  this  Air  by  its  Spring  preiles 
^Uftlly  every  way,\  it  miift  balance  as  much  of  the  Preffure  of  the  At- 
ntofphere  uporv' the  little  Colutea of-^Water  at  A^-  as  it  does  of  that  up-  • 

4ft  the  Water  iri  the  Cittern.  The  Remaiader  df  the  Preffure  of  the 
Atfo<>fphere  upon^thi  Cohrrtirt  (if -Water  ^  A^  is  fuftain'd  ^y  the 
Eorce,  with  wHIdi  that  Column  adheres  to  the  Capillary  Tube,  which 
therefore  does  txaftty' balance  the  Weight  of -jHc''  Cylinder  of  Water 
F^G  B  C,  and  is  f  he  teal,  though' not  the  immediate,.  Caufe  of  its  Suf* 
pcnfion.  .  .,     .  ,  .  \  \.; 

•The  Exi^riment  iucceeds  iri  the'fartoc  Manner^  when  a  Column  of 
Quickfilver  is  rrffed  into  the  Funnel^  inftead  erf"  the  Column  of  Wat 
tttFGBS^  the  Tbp^  of  the  Tube  being  toudh^d  with  a  wet  Finger 
as  before.  But  then  the  Height  of  t^  Quickfil  ver  in  the  Ftiimelmufi: 
be  as  much  lefi  than  th'dt  5f  tte  Water,  as  its  fpccifick  Gravity  ia 
greater.  ^  •'-  -.  -  .     .j 

•  i  jirbceed  now^  aicordirt'g  toProihife,  to  examine  whether  thaExpe- 
riments  therein  tont^in*d,  would  Succeed  in  V^u^\  and  whether  Water 
iouki  be  fufpended*^rf.  a  wide  Tube  by  meins  of  a  Capillary  at  Top,,  ait 
a  greater  Height  than  >vhat  it  cin  be  rais*d  toby  the  Preffure  ofvthe  At-i 
mofphere. 

In  order  to  this,  J  boilM  fom!d  Water,  and  afterwards  purged  it  of 
ft»  Aif ,  by  means  of  the  Air-piHnp ;  which  bei|ig  done,  thoie  Experi- 
ments all  fucceeded  in  the  exh^lufted  Receiver,  in  the  fame  Maniier  as  in 
theopeft  Air.  ^  ».  /.i  ..;..,      . 

The  1 3th  Experiment  in  particular,  was  made  witlia  T<ubcbf  about 
5  5  ^  Inches  in  Length,  and  a  Quarter  of  an.  Inch  Diameter,  the  Top  of 
it  being  drawn  out  into  a  fine  Capillary  ;  which  being  fill'd  i^th  Wa<s 
ter  purged  of  its  Air,  as  befor&-mention'd,  ther  whole  Quantity  c6nti-s 
nued'fufpendedin  the  exhaufted  Receiver.      ^ 

This  plainly  (hews  that  the  Su€ce&  oi  that  iEiqietiincnC  does  not 

depend 
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tettdlllpoft  the  Fi^ffiit  of  the  Aar,  fiace  the  fmall  Q^usAvf  of  Ak 
UtmlAia ReoeiveTs  was  by  no  M«am  capstbkof  fuftaining  the  Water 
at  fo  great  a  Height^  and  coafequeatly  that  the  Height  at  which  Wa* 
Mr'  vfwf  be  fiifpended  in  this  Manner,  is  not  limited  by  that  Pref- 
fiire. 

.But  here  I  muft  not  omit  taking  Notice  of  a  confiden^le  Difficulty^ 
iriuch  i^cftts  itfielf  tathofe  wha^itteatively  conlxder  this  Experiment. 
|i),ordar  to  make  which  the  better  appear,  it  will  be  proper  to  oUenre^ 
what  happens^  when  a  fimpteCapUhury  Tube  is  fiU'd  with  Water  piir^ 
ged  of  Air,  and  inclosed  in  the  exhaufted  Receiver. 

Fig.  19J.  In  this  Cafe,  the  whole  Column  of  Water  contained  in  die  Tube 

ACB^  b  fufpended  by  the  Attraction  of  the  ABmbu  at  the  Top  <^ 
the  Tube  A :  And.  though  that  Jmulus  does  not  immediately  aft 
upon  any  Part  of  the.  Water,  acep):  what  x$  cither  contiguous  to  it, 
or  £b  near  as  to  be  within  the  Sphere  of  its  Attraction,  whick  ez« 
tends  but  to  a  very  (malt  Diftance;.  yet  it  is  impoffiUe  that  any 
other  Part  of  the  Water,  as  for  Inftance,  that  at  C^  Ihould  part  fixwi 
the  Water  above  it,  and  fink  down  ^  becaufe  iu  Deicent  is  oppo^'d  by 
the  AttraAion  of  the  contigoous  Amtduf  at  C  For  this  being  ec^ 
to  the  upper  Amuks  at  A^  is  capable  of  fuftifaning  a  Column  of 
Water  ox  the  Loigch  A.B^  and  con(equently  is  mofie  than  fuffideat 
iac  fVtpporting  the  Cplunun  of  Water  below  i^  C  B^  From  which  it 
ik  plain,  that  no  Part  of  the  Wa^.cQi^tain'd  in  the  Tube  can  pofliUy 
defcend,  unlefe  the  upper  Part,  aOilted  by  the  Wdg^  of  the  Water 
below  it,  be  (ufficient  to  overcQtae  the  Aara^tioa  of  the  Jmuiu  of 
Glafs  at  A 

Fig.  195.  But  in  fiach  a  compound  Ttibe,  as  that  made  u&  of  in  our  Earperi- 
ment,  ACR^  the  Cafe  is  very  diflferenti  and  it  docs  not  eafily  agpear, 
why  in  a  FacuMm  any  Part  of  the  Water  in  the  wider  Part  w  dm 
Tube,  as  for  Example  atC,  Ihould  not  leave  diat  which  is  above  it,  and 
defcend,  fince  the  Anmim  atCis  by  much  too  wide  to  fuftain  a  Colunui 
of  Water  of  fo  great  a  Length  as  CB. 

The  beft  Antwer  I  can  give  to  this  Difficuky,  is,  that  the  Cobefion 
between  the  Water  contained  in  the  C^illary  and  that  below  it,  isiiiA 
ficient  to  balance  the  Weight  of  the  Column  fufpmded*  But  how  fiut 
this  Cohefion  may  depend  upon  the  Preflure  of  a  Medium  fubtile 
enough  to  penetrate  the  lleceiver,  is  worthy  of  Confideratioo.  Cot 
though  fuck  a  Medium  will  pervade  tla^  Porea  of  the  Water,  as  well 
aa  thoft  of  die  Glals,  yec  it  will  ad  wiiK  ias  intii^e  Pce&se  upon  ^ 
chefoiidPatticks,  if  I  may  fe  call  them,  of  tlte.3urCk(£  of  the  Waaci 
in  the  Ciftern;  whereas  fo  many  of  the  folid  Particles  qf  the  Watne 
In  the  Tabe^  which  h^pen  to  He  direftly  under  tha^  ibiid  Particles  of 
the  Water  above  dicm>  will  therefaiy  be  fecured  from  this  Peefinre^ 
and  confequently  there  wiU  be  a  Icfs  Preffiiffe  of  thvs  Medium  upon  any 
Surfece  of  the  Water  itt  the  Tube  below  the  CapiUsf  y,  than  upooi 
an  equal  Surface  of  the  Water  in  the  CifteoL  Sq  that  the  Cobonn  <^'' 
Water  fuTpendodiiitfceTiihe  naay  be  ftiftAm*d  by  the  Difference  be- 
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tveeii  ckofe  two  Preffures.  Tlus  Explicatioii  feems  to  be  faT«3rcdJ>f 
the  fbUo«/iiig  fixpioiinenti,  wJiich  may  all  be  accounted  for  ill  thi 
fiime  Manner,  though  I  (hall  anon  mendon  another  Caufe^  Which 
Gomributes  to  die  Suocefs  of  the  firft  and  fecond. 

Itie  firfl:  I  flull  mention  is  the  famous  Ebcperimeatof  the  Su^nfioii 
of  Mercury  pui^^  of  Air,  to  the  Height  of  70  or  75  Inches  in  the 
T^rHidUimfube^  in  the  open  Air.  To  which  we  may  add  the  fufiain^ 
ing  of  Mercury,  likewife  purged  of  Air,  within  the  exhaufted  Receiver^ 
as  related  by  the  learned  Monf.  Pap'm  in  his  Oniinuati^n  du  Dig^mr. 
I  forbear  to  mention  the  Sufpenfion  of  Water  purged  of  Air  in  the 
Vmcmm^  which  he  defcribes  in  the  fame  Book ;  becaufe  tliere  b  littb 
Difference  between  that  Experiment  and  our  own  above-mentioiied  ;.tbe 
very  Top  6(  the  arched  Part  of  his  Tobe^  which  Top  we  may  fitrp* 
pofe  as  fmali  as  we  ples^e,  fupplying  the  Place  of  the  fine  Capillary  at 
the  Top  of  our  Tube.  Ikit  we  muft  not  omit  the  Experiments  made 
by  the  famous  Mon£  Hwfgens  *,  of  the  cohering  of  poiimed  Pktes^  widi  *  Vid.  fupia 
%  cxMifideratde  Force  in  the  eidaufted  Receiver;  as  likewife  of  the  run-  V.  II.  p.  a4. 
fting  of  Water  and  Mercury,  when  purged  of  A\ty  thro'  1  Siphon  <d 
unequal  L^^  in  the  FaaupM:  All  which  he  accounts  for  from  theiadie 
Principle,  and  much  in  the  fame  Manner,  as  we  have  ufed  for  explain^ 
ing  the  Experiment  above. 

As  to  the  Exiftence  of  fuch  a  Medium,  I  fhall  content  myfelf  to  re» 
ftr  to  what  has  been  faid  by  Sir  T/aac  Newtm  in  the  Queries  at  the  lat* 
ter  End  of  the  laft  Edition  ct  Im  Oplicis :  And  as  I  have  laiely 
produced  fome  Experiments  upon  Qpickfdver,  which  were  e^caAly  tibe 
Rcverfe  of  diofe  made  by  Dr.  Taylor^  the  lace  Mr.  Hawkfiet  and  my 
felf  upon  Water  1  by  which  I  am  now  enabled  to  throw  this  whole 
Afikir  into  a  little  Syflem  by  itfelf,  I  fhall  lay  it  down  in  the  fol- 
lowing Propofitions,  the  Proof  of  which  is  contamed  in  the  Experi- 
nients  annexed. 

Prop.  1.  Th9  Partiehs  ff  WaUr  attroB  9m  (moiber. 

This,  I  think,  is  now  univerfally  acknowledged^  and  therefore  netfda 
no  DemonAratioa  ;  the  Sphericity  of  the  Drops  of  Ram,  and  the  run* 
ning  of  two  Drops  of  Wat«  into  one  another  upon  their  Contaft,  ma- 
nifeflly  proving  it. 

Prop.  ^.  tbe  Partldi»  tf  !^uul0oer  attraff  (me  mutber. 

lliis  is  likewife  manifeft  from  theSi^ierical  Figure^  into  which  aDrop 
of  Mercury  forms  itfelf  upon  a  Table  \  and  from  two  of  dtem  tountf- 
diately  running  tog^sther,  as  foon  as  they  come  td  touch. 

Prop.  3.  Jrattr  is  attralM  h  Glafi. 

This  plainly  appears  from  all  the  Experimcnes  that  w^have  fbtm 
upon  this  Subjeft. 

Prop.  4.  ^kfihif  is  aftraltidbyGlafi. 

Experimeni  1.  If  a  fmall  Glcrfnde  of  Quidofilver  be  laid  upon  1^  clean 
Paper,  and  be  touched  with  a^  Piece  of  dean  Glafii.;  upon  driilwing 
the  dafi  gendy  away,  the  Quickfilver  wiUr  adhere  so  it»  and  be  dniwn 
away  with  iu    Andif  the  Ck&  be  lifted  up  from  the  Paper,  the  Quick- 
filver 
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filvert'will  be  taken  up  by  it,  in  the  fame  Manner  as  a  Piece  oT 
Iron  is  drawn  up  by  the  Loadftone, .  and  .will  flick  to  the  Glafa  hj 
a  plain  Surface  of  a  confiderable  Breadth,  in  Proportion  to  the  Bulk 
of  the  Drop,  as  manifeftly  appears  by  an  ordinary  Microfcope. 
Th^n  if  the  Glafs  be  held  a  little  obliquely,  the  Drop  of  Mer- 
cury iwill  roll  flowly  upon  its  Axis  along  the  under  fide  of  the 
Giafs,  till  it  comes  to  the  End,  where  it  will  be  fufpended  as 
before^ 

Exp.  2.  If  a  pretty  large  Drop  of  Mercury  be  laid  upon  a  Paper, 
and  two  Pieces  of  Glafs  be  made  to  touch  it,  one  on  each  fide ;  upon 
drawing  the  Glafies  gently  from  each  other,  the  Drop  of  Mercury 
will  adhere  to  them  both,  and  will  be  vifibly  drawn  out  from  a  glo> 
bular  to  an  oval  Shape  ;  the  lohger  Axis  palfing  from  the  middle  of 
thofe  Surfaces,  in  which  the  Drop  touches  the  Glafies. 

Prop*  5.  The  Pariicks  of  Water  art  more  fir onglj  atiraStd  by  Glafs^ 
than  by  one  another. 

This  manifeflly  appears  from  the  rifmg  of  Water  in  finall  Tubes 
above  the  Level.  For  when  the  Water  begins  to  rife  into  a  Capillary 
Tube,  all  the  Particles  of  Water,  which  touch  the  fmall  Jnmtlus  at 
the  Bottom  of  the  Tube^  muft  have  quitted  the  Contact  of  the  other 
Water,  and  have  rifen  contrary  to  their  Gravity,  to  come  into  Con- 
ta£b  with  the  Glafs.  After  the  fame  Manner  the  other  Experiments  of 
Dr.  Tofbnr^  Mr.  Hawkfifee  nnd  myfelf,  upon  this  Subjeft,  are  eafily  ex- 
plicable. For  upon  a  careful  Examination,  it  will  be  found  in  them 
all,  that  fome  Parts  of  the  Water  quit  the  Contact  of  the  other  Water, 
and  join  themfelves  to  the  Glafs. 

l4op.  6.  The  Particles  of  ^ckjiher  are  moreftrongly  atiraSed  by  enn 
another  J  than  by  Glafs. 
Fig.  197.  Exp.  I.  If  a  fmall  Tube  as  A  B,  open  at  both  Ends,   be  <}ipt  into 

a  Glafs  Veflel  filled  with  Mercury,  and  be  held  clofe  to  the  fide  of 
the  Veflel,  that  the  rife  of  the  Mercury  within  it  may  appear  5  the 
Mercury  will  partly  enter  into  the  Tube,  but  will  fl:and  within  it  ac 
fome  Depth,  as  C  E,  below  the  Surface  of  the  :Quickfilver  in  the 
-Veflel,  CD ;  and  this  Depth  will  always  be  reciprocally  as  che  Dia- 
meter of  the  Tube. 

In  this  Experiment  a  Column  of  QuickHlver  of  the  height  C  E  endea- 
vours ta  force  the.Mercury  higher  into  the  Tube;  and  as  Glafs  has 
beenalfeady  prov'd  to  attraidt  Quickfilver^  the  Attra£bioR  of  the  annu- 
lar Surface  on. the  Infide  of  the  Tubcy  whicb  i3r  contiguous  to  the  up- 
per Part  of  the  Mercury,  will  likewife  cbnifpire  to  farther  its  AfcenL 
-What  oppbles  the  Afcent  df  the  Quickfilvcr^  is  the  Power  by  which 
that  Part  of  it,  which  endeavours  to  rife  into  the  GUfs,  is  drawn  back 
by  the  Attraftion  of  the  other  Mercury,  with  which  it  is. in  Contaft 
laterally,  a)td  this  does  hdt  only,  balance  the  Attra^op  of  the  Glafs, 
.  burlikewife  the  Weight  of  the  Column  of  Mercury  C  E,  and,  cpniequenrty 
this  Attraftionia  confiderably  fl:n)nger  thati  the  Attraftionof  the  Glafs. 
.::       -•.:•.:;•'  '      '  .\'  The 


upiin  Water  fnd  Qt|ickfijvpr.  435^ 

Thp  C;jijife  therefore  that  fufpcnds  the  Weight  of  the  Cplumn  of 
Mercury  C  E,  being  the  Difference  between  the  Attraction  of  the  an- 
ijulv  Sirfape  of  the  Tube  at  E,  and  that  pf  an  equal  Surface  of  the 
Quickfiiver  in  the  Ciftern,  from  which  the  Mercury,  that  endeavpur§ 
to  rife  into  the  Tube,  muft  recede,  in  order  to  unite  itfelf  to  fuch  an 
Annulys  of  the  Glals,  will  always  be  proportional  to  that  annular  Sur- 
face, or  to  the  Diameter  •f  the  Tube.  And  fmce  the  Column  fuftain- 
ed  piuil  be  proportional  to  the  Caufe  that  fufpends  it,  that  Column 
inuft  likewife  be  as  the  Diameter  of  the  Tube,  But  the  Column  fuf- 
pendcd,  is  as  the  Square  pf  the  Diameter  of  the  Tube,  and  the  height 
C  E  conjointly  j  from  which  it  follows,  that  the  height  C  E  muft  be  as  the 
Diameter  of  fhe  Tube  reciprocally,  as  it  is  found  to  be  by  Experiment. 

The  Ejfpcriipent  of  the  Afcent  of  Water  ^ve  the  Level  in  a  Ca- 
pillary Tube,  is  jqft  the  Reverfe  of  this. 

Exp.  %.  QuickfUver  being  poured  ipto  the  inverted  Siphon  A  C  B,  Fig.  198. 
one  pf  who|p  JLiCgs  A  C  is  narrower  than  the  other  C  B ;  the  height 
CE,  at  which  the  Mercury  ftands  in  the  wider  Le^CB,  i«  greater 
^2ifv  the  heigh?  C  D,  at  which  it  (lands  in  the  narrower  Leg  CA. 

On  the  contrary.  Water  fkands  higher  in  the  narrower  Leg,  than  in 
the  wi4er. 

Exp.  3.  A  BCD  reprefents  a  reftangular  Plane  of  Glafs,  which  Fig.  199. 
makes  one  fide  of  a  wooden  Box.  On  the  Infide  of  this  is  another 
CUfs  Plane  of  the  fame  Size,  which  at  the  End  AC  is  prefs*d  clofe  to 
the  former,  and  opens  to  a  fpiall  Angle  at  the  oppofite  End  B  D. 
When  Mercury  is  poured  into  this  Box  to  any  height  as  C  E,  it  infi- 
nuates  itfelf,  between  the  two  Gl^s  Planes,  and'rifing  to  different 
heights  between  the  Glaffes,  where  the  opening  is  greater  or  lefs,  it 
forn^s  the  common  Hyperbola  C  G  F ;  one  of  whofe  Afymptotes  E  F 
is  the  Line  on  which  the  Surface  of  the  Mercury  in  the  Box  touches 
the  inner  Glafs  ;  the  other  is  the  Line  AC,  in  which  the  Planes  are 
joined.  This  Hyperbola  bejng  carefully  examined  by  Mr.  Hawkjbee 
and  my  felf,  the  Reftangle  E  HG,  wherefoever  taken,  proved  always 
equal  to  itfelf,  to  as  great  an  Accuracy  as  could  be  expefted,  when 
the  Planes  were  opened  to  any  confiderable  Angle :  But  when  the  open- 
ing was  very  fmall,  the  Inequalities  of  the  Planes,  though  the  belt  I 
could  procure,  bearing  a  greater  Proportion  than  before  to  the  Di- 
itance  between  them,  occafioned  a  fcnfible  Variation.  Which,  by  the 
Way,  I  take  to  be  the  Reafon  why  the  Ordinates  found  by  the  late 
l^r.  Hawk/be€j  in  examining  the  Curve  produced  in  a  contrary  Situa- 
tion,  upon  dipping  two  Glafs  Planes  fo  join'd  into  Spirit  of  Wine,  do 
ppt  anfwer  to.thofe  of  the  Hyperbola. 

Exp.  4.  AB  is  a  Perpendicular  Seftion  through  two  Glafs  Pllhes  Fig,  200* 
join'd  at  A,  and  open'd  to  a  fmall  Angle  at  B.  C  reprefents  a  pretty 
large  Drop  of  Mercury,  the  larger  the  better,  which  being  made  to 
dcfcend  as  far  as  C,  by  holding  the  Planes  in  aii  ereft  Pofture,  with 
the  End  A  downwards,  retires  from  the  Contadt  of  the  Planes  to  D, 
upon  inclining  the  Planes  towards  an  horizontal  Situation  i  and  the 
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Diftance  C  D  becomes  greater  or  lefs^  as  the  Planes  are  more  or  le& 
inclin'd  towards  the  Horizon. 

A  Drop  of  any  Oily  or  Watery  Liauor  moves  the  contrary  Way,  as 
has  been  fhewn  by  the  late  Mr.  Hawkjoee. 
Fig.  201.'  Exp.  5.  AB  is  a  Tube  open  at  both  Ends,  and  a  Foot  or  two 
in  Length,  whofe  lower  Part  is  drawn  out  into  a  fine  Capillary  at  B» 
This  Tube  being  filled  with  Mercury,  the  whole  Column  of  Quick- 
filver  will  be  fuftained  in  it,  provided  the  Capillary  Tube  at  B,be  fuf- 
ficiently  fmall.  But  if  the  Mercury  in  the  End  B  be  fufFer'd  to  touch 
any  other  Mercury,  it  runs  all  out  of  the  Tube.  If,  without  letting  it 
touch  any  other  Mercury,  a  fmall  Part  of  the  End  B  be  broken  oflf,  the 
Mercury  will  run  out,  till  it  comes  to  fome  lefler  height  as  B  C,  at 
which  it  will  again  (top,  the  height  B  C  being  nearly  in  a  reciprocal 
Proportion  to  the  Diameter  of  the  fmall  End  of  the  Tube, 

The  Seventh  Experiment  in  the  former  Paper  is  the  Reverfc  of  this. 
J?ig.  2C2.  Exp.  6.     Is  the  fame  in  Subftance  with  the  former,  but  made  with* 

a  large  Glafs  Funnel  AB,  inftead  of  a  Tube. 

The  Reverfe  of  this  in  Water  is  the  thirteenth  Experiment  in  the* 
former  Paper. 

In  all  thefe  Experiments  it  is  eafily  feen»  that  the.Efieft  is  owing  to 
the  Difference  between  the  two  Attradtions,  by  which  Mercury  tends 
to  Glafs  and  to  its  own  Body  ;  they  being  always  oppofed  to  one  an- 
other, fo  that  a  particular  Explication  is  no  Way  neceflary.  But  per- 
haps it  may  favc  fome  little  Trouble  to  the  Reader,  to  remove  the  fol- 
lowing Objeftion,  which  will  readily  occur  to  him. 
.  In  the  Experiments  brought  to  demonftrate  the  fourth  Propofition» 
the  Globule  of  Mercury  adheres  to  the  Glafs  in  a  Plane  Surface,  which 
cannot  be  done  without  increafing  the  Surface  of  the  Globule,  and  con- 
lequently  removing  fome  of  its  Particles  from  the  Contad  of  one 
■  another.  If  therefore  they  tend  more  ftrongly  to  one  another  than  to 
the  Glafs,  why  do  they  not  recede  from  the  Glafs,  and  aiTume  a  Figure 
perfeftly  Spherical,  that  they  may  all  have  the  greateft  poflible  Contafi: 
with  each  other? 

To  this  we  may  anfwer.  That  the  Power,  by  which  Mercury  is 
attrafted  either  by   Glafs,    or    by    other  Mercury,    is  proportioiiai 
U>  the  attraAing  Surface;    and  therefore,    though,    C4eteris  paribus^ 
the  Tendency  of  Mercury  to  Glafs,  is  not  fo  ftr6ng  as  its  Tendency 
to    other  Mercury,    yet    in  this  Cafe    a  much,  greater   Number  of 
Mercurial   Particles  coming  into  ContaA   with  the  Glafs,  than  wha( 
recede  from  the  Contaft  of  one  another,  it  is  no  Wonder  that  tW 
AttraAion  of  the  Glafs  prevails,  and  caufes  the  Globule  to  adhere  10 
it.     For  the  Number  of  Mercurial  Particles,  which  lofc  their  Conta& 
with  the  other  Mercury,  is  no  more  than  what  makes  up  the  Dific- 
rence  of  Surface,  wt)j[ch  arifes  from  changing  the  Figure  of  the  Drop ! 
Wheijeas  the  Particles,  which  by  this  Means  come  to  adhere  to  the 
Glafs,  are  all  thofe  that  conftitute  the  plane  Surface,  in  whick   tilt 
Globule  touches  it.  '  ' 
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'  l^hicb  Ccii(ideral3on  ought  likewife  to  be  appIyM  to  the  Sufpenlion 
of  Quickfilver  in  Glafs-Tubes,  either  at  extraordinary  heights  in  the 
open  Air,  or  at  Icffer  heights  in  a  Facuum^  as  above-mentioned.  For 
the  Top  of  the  Tube  being  Spherical,  or  nearly  fo,  it  will  be 
found,  that  the  Contaft  of  the  Mercury  with  the  Extremity  of  the 
Tube,  is  to  the  Contaft  with  other  Mercury,  which  would  be  gained 
by  its  leaving  the  Top  of  the  Tube,  and  defcending  a  very  fmall  Space, 
in  a  Ratio  infinitely  great  -,  and  confequently  that  the  Contact  of  the 
Mercury  with  the  Top  of  the  Tube  is  one  Caufe  of  its  Sufpenfion. 

CqtoL  ift.  From  this  Propofition  it  appears,  that  in  a  Barometer 
made  with  a  narrow  Tube,  the  Quickfilver  will  never  ftand  at  fo  great 
a  height  as  in  a  wider. .  Which  accounts  for  the  Pbanomenon  fo  often 
mentioned,  in  the  yearly  Hiftory  of  the  Royal  Academy  of  Sciences  at 
Pmsj  by  Monf.  De  la  Hire ;  that  in  the  Barometer,  which  he  con- 
ftantly  made  ufe  of  for  his  annual  Obfervations,  the  Quickfilver  did  not 
rife  fo  high,  as  in  another  he  kept  by  him,  by  about  three  Lines  and 
a  half,  which  is  near  a  third  of  an  Inch  our  Meafure :  For  he  tells  us, 
that  the  Tube  of  his  Barometer  is  very  fmall.  So  that  there  is  no  need 
to  have  recourfe  to  any  Peculiarity,  either  in  the  ^Quickfilver  or  the 
Glafs  of  which  that  Tube  was  made  ;  or  to  an  unperceived  Remnant  of 
Air  left  in  the  Tube,  from  fome  of  which  Caufes  that  EfFeft,  and  fome 
others  of  the  fame  kind,  were  imagined  to  proceed. 

CoroL  2d.    In  a  Barometer  made  with  a  fmall  Tube,  the  Mercury 
will  rife  and  fall  irregularly.     For,  as  the  height  of  the  Mercury  de- 
pends partly  upon  the  Diameter  of  that  Part  of  the  Tube  that  touches 
the  upper  Surface  of  the  Mercury ;  it  is  plaih,  that  the  unavoidable  In- 
equalities in  the  Diameter  of  the  Tube  will  be  more  confiderable,  in 
rdfpefk  to  the  whole  Diameter;  and  confequently  will  affed  the  height 
of  the  Mercury,  more  in  a  fmall  Tube  than  in  a  wider.     And  this  I 
take  to  be  the  Reafon,  why  it  is  fo  very  difficult,  not  fo  fay  impofllble 
to  make  two  Barometers  which  fhall  exaAly  agree  in  the  height  of  the 
Quickfilver  in  all  Conftitutions  of  the  Air,  efpecially  if  the  Tubes  be 
very  narrow.    This  Irr^ularity  is  (till  more  confiderable  in  the  Pendent 
Barometer,  in  which  the  Quickfilver  moves  through  a  large  Space  in 
order  to  make  a  fmall  Alteration  in  the  length  of.  the  Column  fufpend- 
rd«     The  fame  Confideration  is  eafily  extended  to  thofe  Levels,  that 
depend  upon  the  rifing  of  Mercury  to  the  fame  height,  in  the  oppofite 
Lqgs  of  a  bent  Tube,  an  Inftrument  of  which  kind  has  bedn  lately  of- 
fered.    And  as  the  EfFefb  is  jufi:  contrary  in  Levels  made  with  Water 
pr  Spirit  of  Wine,  due  Regard  ought  to  be  had  to  this  Property  in  the 
ConftruAion  of  thofe  Inftruments,  by  making  the  Tubes  fufficiently 
wide,  in  order  to  diminifli  the  Error  as  much  as  poffible. 

IV.  We  often  fee  the  Motion  of  Water,  when  it  runs  out  at  a  Hole  Of  the  Mo- 
in  the  Bottom  of  a  Veflel,  to  be  compared  with  other  Powers,  not  only  ^?^  ofKm- 
in  Hydraulicks,  but  in  the  Appfication  of  its  Principles  to  the  Animal  ^"^^Ij^^** 
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Oecohomy.  The  QuattcJty  6f  ^hich  Motion  as  no  on6  fliat  I  kno^  of 
has  hitherto  rightly  determined,  in  its  Place  the  Writers  on  Hydtao^ 
licks  are  ufed  to  have  Recouf  ft  to  the  Weight  of  a  CohmiA  of  Water 
incumbing  on  the  Hole.  They  that  do  this  do  not  cohfider^  that  no 
Motion  can  be  compared  With  a  Weight  it  reft.  Now  the  Motion  of 
running  Water  may  eafily  be  determined  after  the  following  Manner. 
Kg^  103'  Let  5  HAHS  be  the  indefinite  Superficies  of  Water,  CC  a  circular 

Hole  made  at  the  Bott6m,  A  B  ?l  perpendicular  right  Line  drawn 
through  the  Center  of  the  Hole,  SGGCG  S  a  Column  or  Cataraft  of 
Water  running  through  the  Hole C  C^  SGC  z  Curve  by  the  Rotati- 
on of  which  about  the  Axis  AB  z  Sofid  is  generated,  or  the  Cataraft 
SGCCG  S.  For  when  Water  defcends  freely,  and  by  an  accelerated 
Motion  like  all  heavy  Bodies,  it  will  be  neccflarily  cofitrafted  into  a 
lefier  Space,  as  it  acquires  a  greater  Velocity  by  falling,  and  flows  out 
of  Jthe  Hole  C  C  with  fuch  a  Velocity  as  is  acquired  by  falling  from  the 
Height  A  B. 

But  the  Velocity  of  a  he^y  Body  acquired  by  falling,  as  has  beea 
demonstrated  by  Gatilaus^  i^  in  a  fubduplicate  Ratio  of  ttu^  Altitude  from 
from  whence  it  fall^.  Wherefore  if  any  Ordinate  D  £  be  dra^vm  tft 
the  Curve  5  G  C,  and  this  be  call'd  jr,  and  ^  D  be  made  x ;  the  Velo- 
city of  the  Water  in  the  Sfefti6n  E  E  will  be  expounded  by  V^,  and 
the  Produft  of  that  Velocity  drawn  into  the  Se6Hon  it  felf,  will  bcyy^x. 

This  Produft  is  as  the  Quantity  of  WAer  paffing  through  that  Sec- 
tion in  a  given  Space  of  Time ;  and  a^  the  ftme  Quantity  of  Water  in 
a  given  Time  paffes  through  all  the  Seftions  of  the  Gataraft,  thteit  ftp- 
du6t  will  always  be  the  fame,  and  wtU  be^^  V^=i,  or  yjr*=i. 

This  is  the  Equation  of  theCurve  SG  C,  Part  of  which  (comprehended 
within  a  given  Veflel,)  the  great  Nekton  has  delineated,  and  ha^  plainly 
indicated  its  Equation,  Pr&p.  32.  L.  2.  of  his  Prindpia  5  and  is  the  fiift 
who  has  explained  to  the  learned  World  thte  true  Velocity  of  running 
Water,  derived  from  its  genuine  Principles. 

The  Curve  itfelf  is  an  Hyperboloid  of  the  fourth  Order,  one  <^  whofii 
Afymptotes  is  the  right  Line  -^5  paralliel  to  the  Horizon,  the  other  itf 
A  B  perpendicular  to  the  fame. 

The  Power  of  which  is  the  Ql?adrato-Cube  of  the  Ordinate  FG, 
drawn  at  the  Point  G;  where  the  right  Line  A  G,  bifeftihg  the  Angfcl 
contained  by  the  Afymptotes,  mfeets  the  Curve. 

TheSpace5yfD£5,  included  between  the  CwrrtSGEy  theOr^ 
dinate  D  E,  and  the  Afymptotes  AD^  AS,  is  equal  to  lour  Thirds  rf 
the  Reftangle  HD^  contained  by  the  Abfcifs  AD  and  the  Ordinate  D£» 
And  theretoit  the  Space  SH  Ehont  third  Part  of  the  fald  Reftangfe. 

The  Solid  SG  E EOSy  generated  by  die  Rotation  of  the  Spaed 
SADES  about  the  Axis  AD^  is  doublet©  the  Cylinder  incumbing 
ontheSe(ftion£jB.  Whence  the  Concave  Solid,  which  the  Space 
S HEGS  produces  by  its  Converfion  about  the  fame  Axis,  is  equal  w 
the  incumbent  Cylinder.  All  Which  Things  are  ctfily  found  by  the 
invcrfe  Method  of  Fluxions*  Ttcmm 
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fluffrem  i .  If  Water  runs  out  of  a  Veflcl  of  an  infinite  Extent,  through 
a  circular  Hole  made  at  the  Bottom,  the  Motion  of  the  whole  Catar^ 
of  Water  towards  the  Horizon  is  equal  to  the  Motion  of  a  Cylinder  of 
Water,  under  the  Hole  itfclf  and  the  Altitude  of  the  Water,  whofe  Ve- 
locity is  equal  to  the  Velocity  of  the  Water  running  through  the  Hole ; 
or  is  equal  to  the  Motion  of  a  Quantity  of  Water  which  runs  out  in 
stoiy  given  Time,  of  which  the  Velocity  is  the  fame  as  that,  by  which  a 
Space  equal  to  the  Altitude  of  the  Water  may  be  defcribed  in  the  fame 
giren  Time. 

Demonjiration  of  the  jirft  Part.  To  the  Cunre  SGCXtx,  another  Or- 
dinace  dcht  drawn  as  near  the  former  D  £  as  may  be. 

The  Curve  being  converted  about  the  Axis  ^  jS,  the  Ordinates  D  J^ 
d  €^  will  generate  two  Circles,  between  which  the  nafcent  Solid  EE  ee  - 
^iU  be  intercepted.  That  Solid  is  equal  to  the  ProduA  of  the  Altitude 
Z>  d  drawn  into  the  Section  E  E  *,  and  its  Motion  is  equal  to  the  Pro^ 
duft  of  the  Solid  itfclf  drawn  into  the  Velocity  of  the  fame,  or  to  the 
Produft  of  the  Altitude  2)  i»  the  Sedion  E  £,  and  the  Velocity  of  the 
Water  in  that  SeAion.  And  fince  it  is  fhewn  above,  that  the  Produft 
ef  any  Section  of  the  Cataraft  and  the  Velocity  of  the  Water  in  that 
Sedtioh,  is  a  conftant  Quantity ;  the  Motion  therefore  of  the  whole  Ca- 
taraft  will  be  equal  to  the  Produft  of  that  conftant  Quantity  drawn 
ihto  the  Sum  or  all  the  Altitudes  2}  i,  or  into  AB,  that  is,  to  the  Mo- 
tioh  of  the  Cylinder  under  the  Hole  itfclf,  and  the  Altitude  of  the  Wa- 
ter, whofe  Velocity  is  equal  to  the  Velocity  of  the  Water  flowing 
through  the  Hole.  ^  E.  D. 

Corol  I.  The  Altitude  of  the  Water  being  given,  the  Motion  of  the 
Cataraft  will  be  in  the  Ratio  of  the  Aperture. 

1.  The  Aperture  being  given,  the  Modon  of  the  Cataraft  will  be  in 
a  fefcuplicate  Ratio  of  the  Altitude,  or  in  a  triplicate  Ratio  of  the  Ve- 
locity, with  which  the  Water  runs  through  the  Hole. 

3.  The  Motion  of  th^  Cataraft  being  given,  the  Aperture  will  be  re- 
ctpro(ially  in  a  fefcuplicate  Ratio  of  the  Altitude,  or  in  a  triplicate  Ra« 
fio  of  the  Velocity  reciprocally. 

DmonftrationoftbeJecondPart.  The  Quantity  of  Water  running. 
in  a  given  Time  is  to  the  Cylinder  under  the  Aperture,  and  Altitude  of 
tfte  Water,  as  the  Space  which  Water  running  out  with  an  equable  Velo- 
city  will  defcribe  in  that  given  Time,  is  to  the  Altitude  of  the  Water. 
And  fuice  the  Velocity  which  is  communicated  to  the  Quantity  of 
flowing  Water  is  to  the  Velocity  of  the  Cylinder  in  the  fame  Ratio  reci- 
procally, the  Quantities  of  the  Motions  on  each  fide  will  be  equal.^iB.I>. 

Corol.  1.  The  Altitude  of  the  Water  and  the  Quantity  running  out 
being  given,  the  Motion  of  the  Cataraft  is  in  a  reciprocal  Ratio  of  the 
Time,  in  which  that  Quantity  runs  out. 

a.  The  Altitude  and  Time  being  given,  the  Motion  of  the  Cataraft^ 
%iU  be  astheQuantitraf  Water  running  ovt  in  that  Time. 
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3.  The  Time  and  Quantity  of  the  running  Water  being  givciit  die 
Motion  of  the  Cataradfc  will  be  as  the  Altitude. 

4.  The  Motion  of  the  Cataraft  and  Altitude  being  given,  the  Quan- 
tity of  the  Water  is  as  the  Time. 

5.  The  Motion  of  the  Cataraft  and  Quantity  of  running  Water  be* 
ing  given,  the  Altitude  is  at  the  Time. 

6.  The  Time  and  Motion  of  the  CataraA  being  given,,  the  Quantity 
of  running  Water  will  be  reciprocally  as  the  Altitude. 

Fig,  204.  Theorem  2.  If  5  yf  be  taken  to  5  A  as  D  G  ^  to  2)  G^—B  C* ;  and  if 

the  Water  runs  out  of  a  given  Cylindrical  Veffel  G  G  E  E^  which  is 
always  full,  through  a  circular  Aperture  CC  made  in  the  Middle  of 
the  Bottom  ;  the  Motion  of  the  Cataraft  of  Water  towards  the  Horizon 
will  be  equal  to  the  Motion  of  the  Cylinder  under  the  Aperture  and  Al- 
titude A  B,  whofe  Velocity  is  equal  to  the  Velocity  of  the  Water  going 
out  at  the  Aperture.  Or  it  will  be  equal  to  the  Motion  of  the  Quanti- 
ty of  Water  which  flows  out  in  any  given  Time,  of  which  the  Velocity 
is  fuch  by  which  a  Space  may  be  defcribed  in  the  fame  given  Time 
equal  to  the  Altitude  A  B. 

Demonftration  of  the  firji  Part.  Let  -^5  be  drawn  parallel  toDG^ 
and  with  Afymptotes  AS^  A  B,  through  the  Points  G,  C,  let  Newim^s 
Curve  5  G  C  be  fuppofed  to  be  defcribed. 

.  That  the  fame  Altitude  of  the  Water  may  continue,  the  Place  of 
that  which  runs  out  muft  be  fupply*d  with  the  Cylinder  of  Water 
ggGG^  which  defcehds  with  that  uniform  Velocity  which  is  acquired  by 
falling  from  AioD\  as  the  aforefaid  excellent  Author  teaches  us  in 
that  Propofition. 

The  Motion  of  the  Cataraft  S  S  GG  is  equal  to  the  Motion  of  this 
Cylinder,  by  the  foregoing  Theorem.  Therefore  the  Motion  of  the 
defcending  Water,  being  compounded  of  the  Motion  of  the  aqueous 
Cylinder  ^  ^  G  G,  and  of  the  Motion  of  the  Cataraft  GGCC,  will  be 
equal  to  the  Motion  of  the  whole  Cataraft  SGCCGSy  that  is,  by  the 
firft  Theorem,  to  the  Motion  of  the  aqueous  Cylinder  under  the  Aper- 
ture and  Altitude  A  5,  the  Velocity  of  which  is  equal  to  the  Velocity 
of  the  Water  running  out  at  the  Aperture.  ^E.  D. 

The  fecond  Part  follows  from  the  firft. 

£orol.  I.  Hence  arife  all  the  Corollaries  of  the  foregoing  Propofition, 
by  fubftituting  the  Altitude  A  S,  for  the  Height  of  the  Water. 

2..  If  the  Veflfel  was  of  a  Figure  different  from  a  Cylinder,  or  the 
Figure  of  the  Aperture  inftead  of  Circular  was  Square,  Triangular, 
or  any  other,  or  the  Aperture  were  not  in  the  Middle,  or  were  in  the 
Side  of  the  Vcflel,  the  Motion  of  the  Cataraft  will  be  the  fame,  that  is, 
equal  to  the  Motion  .of  an  aqueous  Prifm  under  the  Aperture  and  Alti* 
tude  A  By  whofe  Velocity  is  equal  to .  the  Velocity  of  Water  running 
©ut.  For  the  fame  Quantity  of  Water  will  pafs  with  the  iame  Velocity 
as  in  the  former  Hypothefis,  both  through  the  Apeiture  itfelf^  as  alfo 
through  all  the  S^ftions  of  the  Cataraft. 
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^  3.  If  the  Diameter  of  thd  Veiiel  fhould  have  a  very  large  Ratio  to^ 
the  Diameter  of  the  Aperture,  the  Altitude  A  D  might  Ix  ncgiefted, 
and  the  Altitude  of  the  Vcffcl  itfelf  might  be  ufed  for  the  Altitude  of 
the  Cylinder,  or  of  the  aqueous  Prifm. 

•  Hitherto  we  have  confidered  only  that  particular  Cafe,  in  which  the 
Water  runs  out  of  the  Veffel  by  the  Force  of  its  Gravity.  This  we  did 
the  more  willingly,  as  well  becaufe  Mathematicians  are  commonly 
ufed  to  admit  that  only,  when  they  treat  of  the  Impetus  of  Fluids,  as 
alfo  becaufe  we  think  that  Property  of  the  Hyperbolical  Curve  above 
explained,  in  which  it  forms  a  Cataraft  of  defcending  Water,  not  to 
be  unworthy  of  the  Confideration  of  Geometricians.  Othcrwife  that 
Cafe  might  have  been  eafily  deduced  from  the  general  Theorem,  which 
we  fhall  next  propofe. 

^earem  3.  If  Water  flows  through  any  foil  Canal  A  B  C  D^  accord-  pig.  205. 
ing  to  the  Line  E  JP,  to  which  both  the  Orifices  of  the  Canal  A  B  and 
C  D  zxt  perpendicular ;  the  Motion  of  the  Water  towards  the  Orifice 
C  Z),  or  the  Motion  of  the  Impediment,  which  being  oppofed  in  the 
Orifice  itfelf,  flops  the  Motion  of  all  the  Water,  is  equal  to  the  Moti- 
on of  an  aqueous  Prifm  under  any  Seftion  of  the  Canal  C  H^  and  the 
Line  of  Direftion  or  the  Length  of  the  Canal  E  F,  which  is  moved  with 
the  fame  Velocity  with  which  the  Water  flows  through  that  Seftion  ;  or 
is  equal  to  the  Motion  of  a  Quantity  of  Water  which  in  any  given  Tinie 
flows  out  of  the  Canal,  the  Velocity  of  which  is  the  fame  by  which  a 
Space  equal  to  the  Length  of  the  Canal  may  be  defcribed  in  the  fame 
Time. 

Caf.  I .  Let  the  Line  of  Direftion  be  any  right  Line  E  F. 

The  firft  Part  is  eafily  demonftrated  in  the  fame  manner  as  the  firfl: 
Theorem.  For  the  Produft  of  any  Sedion  of  the  Canal  CHj  and  of 
the  Velocity  of  the  Water  in  that  Sefbion,  is  a  confl:ant  Quantity. 

The  fecond  Part  follows  from  the  firft. 

Caf.  2.  If  the  Line  of  Direftion  ABODE  is  compounded  of  feveral  pig.  zoSi 
right  Lines  yf  5,  5  C,  CD/DEy  inclined  to  each  other,  the  Motion 
fer- the  Water  wiH  be  the  fame.  For  the  Motion  of  the  Water  in  the 
whole  compounded  Canal  A  BCD  E  is  made  up  of  the  Motions  of  the 
Water  in  the  Parts  of  the  Canal  AB,  BCy  CDj  DEj  added  together. 
Now  it  is  determined,  that  Water  running  according  to  the  right  Line 
AB^  if  it  changes  that  DireAion  into  another,  by  which  it  proceeds 
according  to  the  right  Line  B  C,  lofes  none  of  its  Motion.  For  Fluids 
do  not  obferve  the  Laws  which  are  obferved  in  the  Motion  of  folid 
Bodies,  whenever  their  Direction  is  changed.  Othcrwife  a  Fluid  would 
quite  ftop,  when  it  changes  its  Direftion  into  another  Perpendicular  to 
the  former,  which  we  do  not  find  by  Experiments.  Wherefore  Water 
running  out  of  a  Hole  in  a  Veflel,  whether  downwards,  or  horizontal-^ 
ly,  or  if  it  is  forced  direftly  upwards,  maintains  the  fame  Velocity. 
Now  if  at  any  time  it  (hould  be  difcover'd,  cither  by  Experiment  or 
by  fome  ftri&er  way  of  reafoning,  that  any  Change  of  Motion  fhould 

follow 
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follow  from  a  Chaise  of  Dire^on»  dieo  an  Acc^iot  99ft  be  ta^eA 
of  it. 

Fig.  207.  If  the  liiK  of  Dii^edipn  ^  J9  be  a  Curve,  it  qauft  be  nefer'd  to  tlii% 

Cafe,  as  it  is  to  be  conceived  as  compofied  of  mainy  little  i7£l^  L^nes. 

Fig.  2o8.  Cj/1  3.  If  the  Canal  ^^  is  divided  into  feveral  Branches  B  C,  B  Z>, 

B  Ey  equal  in  I^eiigth,  the  Mouoa  of  the  Water  iijriU  ibe  found  after 
the  fame  Manner,  taking  for  the  Line  of  Dire^on  the  Length  ABB^ 
compounded  of  t^e  Length  of  the  principal  Canai  AB,^  and  the  Length 
of  each  Branch  B  D.  Nof  it  is  all  one  whether  th|?  Water  flqws  frpin 
the  principal  Canal  towards  the  Braojcbea,  or  from  the  Branches  tow^ds 
the  principal  Canal  Now  if  the  Branches  ixfi  |u;i.equa),  xh^  Motion  of 
the  Water  m.uft  be  found  in  each  Branch,  t^ing  for  the  Line  of  Di- 
rection a  Length  compofed  of  the  Length  of  each  Branjdb,  and  thp 
Length  of  the  principal  Canal. 
This  is  ^ly  deduced  from  the  fficond  Cafe. 

fig.  209*  Caf.  4.  If  the  unequal  Branches  into  which  thp  Canal  AB  i&  diftri* 

buted,  are  again  united  into  onp  FG^  to  find  the  Motion  of  the  Water 
for  the  Line  of  Dire^ion  we  muft  make  tife  of  the  w|iolp  Leng^ 
ABDFG^  composed  of  the  Length  of  tbe  pnncip^  Canal  ^^,  ci 
each  Branch  BDF^  and  of  the  rocompounded  Capal  FG.  If  the 
Branches  are  unequal,  the  Motion  of  the  W  atcr  muft  be  found  in  each, 
and  the  Sum  of  their  Motions  muft  be  added  to  the  Mption  of  tbe 
Water  in  the  recompounded  Canal.    This  follows  from  paf.  2  and  g. 

Carol.  I.  The  Length  of  the  Canal  being  given,  and  any  Sejftion  of 
the  fame,  the  Motion  of  the  Water  will  be  in  the  Ratio  of  the  Velo- 
city with  which  the  Water  flows  through  that  Seftion. 

2.  Any  Sedion  being  given,  and  the  Velocity  of  the  Wafer  flowing 
through  that  Seftion,  the  Motion  of  the  Water  will  be  a^  the  Length 
of  the  Canal. 

3.  The  Length  of  the  Canal  being  given,  and  the  Velocity  of  the  . 
Water  in  any  Sedtion,  the  Motion  of  the  Water  will  be  in  the  Ratio  of 
thatSeftion. 

4.  The  Motion  of  the  Water  being  given,  and  alfo  apy  Sedaon,  dis 
Length  of  the  Canal  will  be  in  the  reciprocal  Ratio  of  the  Velocity. 

5.  The  Motion  of  the  Water  being  given,  and  the  Lengi^  of  die 
Canal,  any  Seftion  will  be  reciprocally  as  the  Velocity. 

6.  The  Velocity  beipg  given  in  any  Seftion,  and  the  Motion  of  the 
Water,  that  Sedtion  will  be  reciprocally  as  the  Length. 

7.  The  Lei^h  of  the  Canal  being  given,  and  the  Quantity  of  Water 
running  out  in  any  certain  Time,  the  Motion  of  the  Water  will  be  le* 
ciprocally  as  that  Time. 

8.  The  Length  of  the  Canal,  and  the  Time  being  gtven^  the  Motion 
of  the  Water  will  be  as  the  Quantity  running  out. 

9t  The  Time  being  given,  and  the  Quantity  of  Water  running  out, 
the  Motion  of  the  Water  will  be  as  the  Length  of  theOuiaL 

10.  The  Motion  of  the  Water,  and  the  Length  of  the  Canal  being 
given,  thcQuantity  flowing  out  will  be  as  the  Time* 
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1 1.  The  Motion  of  die  Water,  and  the  Quantity  running  out  being 
g^ven,  the  Time  will  be  as  the  Length  of  the  Canal. 

12.  The  Time  being  given,  and  the  Motion  of  the  Water,  the  Quan- 
tity running  out  wiH  &  reciprocally  as  the  Length  of  the  Canal. 

13.  If  two  Quantities  of  Water  meet  direftly  with  a  contrary  Motion^ 
and  the  Superficies  with  which  they  impinge  are  alike,  as  alfo  the  Velo- 
cities with  which  thofe  Superficies  meet  j  and  if  one  of  the  Quantities  of 
Water  is  only  equal  to  one  little  Drop,  and  the  other  Quantity  is  a  whole 
Ocean,  or  an  infinite  Quantity  of  Water ;  it  may  be  fo  ordered  that  the 
Drop  fhall  fuftain  the  whole  Ocean,  or  force  it  to  move  the  contrary 
Way  with  the  fame  Velocity  as  before,  and  it  felf  fhall  proceed  the  fame 
Way  after  meeting.     Which  is  a  wonderful  Paradox  in  Hydraulicks. 

14.  If  a  Certain  Quantity  of  Water  flows  through  a  Canal  which  is 
<ompofed  of  two  cylindrical  Tubes  of  unequal  Diameters,  and  runs 
from  the  lai^er  Tube  towards  the  narrower ;  and  the  Motion  of  the 
Water  is  neither  leflened  nor  increafed  as  it  flows  ;  as  foon  as  the  firft 
Part  of  the  Water  (hall  enter  at  the  Beginning  of  the  leflcr  Tube,  it  will 
immediately  begin  to  run  flower,  and  by  a  continual  Efflux  out  of  the 
wider  Tube  into  the  narrower,  the  Water  by  Degrees  will  be  more  re- 
tarded in  the  narrower  Tube,  till  the  whole  fhall  come  into  that  Tube. 
The  Matter  will  happen  jufl  on  the  contrary,  when  the  Water  flows  out 
of  the  lefTer  Tube  towards  the  wkler.  This  is  another  Paradox  in  Hy- 
draulicks. But  the  Water  is  fupp<^ed  every  where  to  cohere  with  it  felf. 

Theie  two  Corollaries  arife  from  Cafe  i. 

15.  From  Cafe  2  a  Method  is  fupply*d  for  eflimating  the  Motion  of  — Q^'^ 
die  Blood  in  any  of  tiie  Arteries.  wSd/i/rfJ^ 

i6«  Any  two  Arteries  being  given  that  tranfmit  an  equal  Quantity  of  Aneri^. 
Blood,  the  Impetus  of  the  Blood  is  greater  in  that  which  is  more  re- 
mote from  the  Heart,  than  in  the  nearer.    This  is  a  remarkable  Paradox 
in  the  Animal  Oeconomy^ 

17.  From  the  third  Cafe  arifes  another  Paradox  in  the  Animal  Oeco- 
nomy,  that  the  Motion  or  Impetus  of  the  Blood  is  greater  in  all  the  ca- 
pillary Arteries  taken  together,  than  in  the  Aorta  it  felf.  Alfo  that  it 
is  greater  in  the  capillary  Veins  than  in  the  Arteries. 

18.  From  the  fourth  Cafe  a  Method  is  derived  (^  determining  the 
Motion  of  the  Blood  in  any  of  the  Veins. 

19.  From  the  fame  is  derived  a  third  Paradox  in  the  Animal  Oeco« 
nomy,  that  the  Impetus  of  the  Blood  is  greater  in  any  Vein,  than  in 
the  Artery  correfponding  to  that  Vein  ;  and  therefore  that  it  is  greater 
in  the  Vena  Cava  than  in  the  Aorta. 

Problem  I.  To  find  the  Motion  of  the  Air  rufliing  out  of  the  Lungs,  ^^^fthi  Mo- 
Let  /  be  the  Length  of  the  whole  Aerial  Duft,  from  the  Mouth  and  ^^  ^f*^^  ^k 

Noftrils  to  die  furtiieft  Branches  of  die  Trachea.  -^thTiL^ii 

J  =s  to  the  Quantity  of  Air  emitted  from  the  Lungs  at  a  moderate  E^iracios. 

Expiration. 

^=  to  the  Quantity  expeird  at  a  very  moderate  Expiration^ 
/  =  to  the  Time  of  a  moderate  Expiration. 
Vol.  IV.  Lll  r=to 
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9*  ss  to  the  Time  of  a  very  ftrong  Ebqiiration, 

Then  by  Tbear.  3.  Cef.  3.  the  Motion  of  the  Air  rullung  out  of  the 

7 
Lungs  at  a  moderate  Expiration  will  i>e  ss  X-. 

At  a  very  ftrong  one  will  be  ^^. 

That  is^  the  Motion  of  the  Air  rufhing  out  of  the  Lun^  is  cqvai  • 
to  the  Motion  of  the  Quantity  of  Air  which  is  emitted  at  one  Expira- 
ition^  of  which  the  Velocity  is  the  iome^  by  'which  the  Length  of  the 
whole  Aerial  Canal  is  defcribed  in  the  Time  lof  an  Expiration.  ^  E.  I. 

The  famous  Philofopher  y^bonfus  BoreUus  iias  determin'd  by  Expe- 
riment, that  the  Quantity  of  Air  emitted  by  a  moderate  Expiration  is 
iibout  18  or  20  Cubical  Inches.  Now  it  is  di^Esrent  not  only  in  difFereot 
Men,  but  in  the  fame  Man  at  difierent  Times«  I  have  made  an  Expc^ 
riment  after  this  manner. 

I  hung  a  Weight  to  the  lower  End  of  a  wetBladdet,  and  fitting  a 
Glafs  Tube  to  the  upper  Part  of  about  an  Inch  Diameter,  ftopping  my 
Nofe  I  breathM  Air  gently  into  the  Bladder,  £or  the  Space  of  three  Se- 
conds, the  Weight  in  th^  mean  time  being  at  ILeft  upon  the  Ta^bie.  Af* 
terwards  I  dipt  the  Bladder,  widi  the  Air  inchaded  and  the  Weight  hail- 
ing to  it,  into  Water  that  was  contain'd  in  a  cylindrical  VeflU,  carefully 
obierving  to  what  Height  the  Water  was  raifed,  When  this  was  done 
the  Quantity  of  Water  was  eafily  found,  which  being  poured  into  the 
Veflel  arofe  to  the  Height  before  obferml.  This  Experiment  being 
repeated  ten  times,  and  the  Quantities  being  added  together  wliich  were 
found  at  each  Time,  their  tenth  Pait,  or  the  mean  Quantity  of  Water 
contain'd  in  the  Vei&U  was  found  to  be  equal  to  35  cubical  Indies.  And 
this  is  the  Quantity  of  Air  contained  in  the  Bladder  \  then  adding  about 
one  twelfth  Part,  or  three  cubical  Inches,  becaufe  of  the  Condenfatbn 
of  the  Air  made  by  the  Coldnefs  of  the  Water,  it  bdng  then  Winter- 
Seafon,  it  becomes  38  cubical  Inches^  Befides  a  little  muft  be  added, 
.  both  becaufe  of  the  Pineflure  of  the  Water  in  the  Bladder,  as  becaufe  of 
the  Vapour  which  is  fent  forth  with  the  Breath  into  the  Moifture  fqueezed 
together  ;  which  muft  neceffarily  be  from  die  Coldnefs  of  the  Water, 
^d  the  Contaft  of  the  wet  Bladder*  Therefore  I  eftimated  the  Quan- 
tity of  Air  that  was  emitted  by  gentle  Expiration  in  the  Time  of  three 
Seconds,  in  a  round  Niimber  of  40  cubical  Inches. 

By  a  very  ftrong  Expiration  I  emitted  125  cubical  Inches  in  the  Time 
of  one  Second* 

And  by  fuch  a  very  ftmng  Expiration,  with  a  violent  ftraining  of  the 
Lungs,  continued  almoft  to  choaking,  I  emitted  from  my  Breaft  220 
cubical  Inches.  Whence  it  is  plain,  which  I  fhall  take  notice  of  by  the 
bye,  that  much  more  Air  remains  in  the  Lungs  than  is  emitted  at  one 
moderate  Expiration. 
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If  tHerefore  we  iuppofe  /  csk  2  Feet, 

f  s  40  cubLcal  Inches, 
^=:  125  cubicsd  Inches, 
r  ss  3  Seconds,, 
ys^  I  Second, 

The  fpecific  Gravity  of  Air  to  the  Gravity  of  Water,  as  i  to  1000, 

A  cubical  Foot  of  Water  3=  1000  Ounces  Avoirdupois, 

The  moderate  Motion  of  Air  going  out  of  the  Lungs  will  be  equal 
to  the  Motion  of  the  Weight  of  four  Scruples  and  nine  Grains,  which 
moves  one  Inch  in  a  Second  %  or  to  the  Motion  of  a  Weight  of  if  Grain,, 
which  in  the  fame  Time  defcribes  the  Length  of  5  Feet  and  7  Inchesi. 
This  is- the  Velocity  of  the  Airrulhing  through  the  Larynx,  fuppofing 
the  Se&ion  of  the  Larynx  equal  to  one  fifth  of  a  fquare  Inch/. 

The  greateft  Moticxi  of  the  Air  expell'd  out  of  the  Bread  is  equal  tO; 
the  Motion  of  a  Weight  of  about  li  of  an  Inch,  defcribing  one  Inch  in. 
a  Second  V.  or  to  the  Motion  of  a  Weight  of  if.  of  a  Grain*,,  delcribing 
52  Feet  in  the  fame  Time,  This  is  the  Velocity  of  the  Air  rufhing; 
thfough  the  Larynx  in:  the  ftcongeft  Expimtioji. 

Cord.  I.  The  Quantity  of  Air  being  given,  and  the  Length  of  the 
Aerial  Canal,,  the  Motion  of  the  Aii^  is  in  a  reciprocal  Ratio  of  the  Time 
of  Ezpimtion. 

2.  The  Quantity  of  Air  and  the  Time  being  given,  the  Motion  will 
be  in  a  diieA  Ratio  of  the  Length. 

3.  The  Length  and  Time  being  given,  the  Moti6n  is  as  the  Quantity 
•I  Ah-. 

4-  The  Motion  and  Quantity  of  Air  being  given,  the  Length  will  be 
in  the  dire6t  Ratio,  of  the  Time. 

5.  The  Motion  and  Length:  being:  given,,  the  Quantity  of  Air  will 
be  direftly  as  the  Time. 

6.  The  Motion  and  Time  being  given^  the  Quantity  of  Air.  will,  be 
teciprocaUy^  as  the  Length  of  the  Aerial:  Canal. 

7.  The  Motion  of  the  Air  is  in  a  Ratio. compounded  of  the  quadru- 
plicate Ratio  of  any  homologous  Diameter  of  the  Animal,  and  the  in- 
verfe  Ratio  of  the  Time  of  Expiration.  Or  in  a  Ratio  compounded  of 
che*  Ratio  of  the  whole  Weight  of  the  Animal,,  a  fubtriplicate  Ratio  of 
its  Wcigftt,  and  the  reciprocal  Ratio  of  the  Time.. 

For  the  Weight  of  the  Animal,  the  Cube  of  any  homologous  Diame- 
ter and  the  Quantity  of  Air  expelPd  are  in  the  fame  Ratio.  Now  it  is 
fuppos'd,  that  the  Bodies  of  Animals^  are  Machines  made  after  the  fame 
roanner. 

Scbslium.  You  are  toundeiftaad  the  Length  here  made  ufe  of  to  be 
either  the  Lei^th  of  the  Aerial  Canal,,  if  all  the  Branches  of  the  Trachea 
are  fuppos'd  equal  in  Length,  or  the  mean  one  between  the  different 
Lengtm,  if  the  Branches  are  unequal. 

Pr$Um  IL  To  d^ftminethe  Impetus,,  or  the  linpreflion,  which  the 
mternal  Surface  of  thie  tungs  receives  by  expiring  the  Air. 

Since  A&ion  and  ReadUon  are  equal  and  contrary,,  it  muft  neceffarily 

L  1  1  2.  -  follow,. 
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follow,  that  by  whatever  Motion  the  Air  Jto  be  expired  is  urged  bjr  the 
internal  Superficies  of  the  Lungs,  by  the  fame  on  the  contnuy  the  Su- 
perficies of  the  Lungs  is  rcpell'd  by  the  Air. 

Whence  by  the  foregoing  Problem  the  faid  Impetus  in  a  moderate 

Expiration  will  be  equal  to  -*— , 

SI 
in  a  very  ftrong  one  it  will  be  equal  to  -^-^    ^  £.  /. 

Hence  fuppofing  the  fame  Things  as  are  fuppos'd  above,  the  mode- 
rate Impetus  of  the  Air  upon  the  Lungs  is  equal  to  the  Motion  of  about 
I ;  Drachm,  which  in  the  Space  of  a  Second  dffcribes  one  Indi.  Or  to 
the  Motion  of  the  Weight  of  19  Pounds,  moving  rm  of  aa  Inch  in 
the  fame  Time,  which  is  the  Velocity  of  the  Air  in  Contaft  of  the  inward 
Superficies  of  the  Lungs.  Biit  we  fuppofe  with  tlxe  very  learned  Dr. 
James  Keiljihsit  the  internal  Superficies  pf  the  Lungs  is  equal  to  about 
2 1 900  Iquare  Inches. 

But  the  greateft  Impetus  of  the  Air  upon  the  Lungs  is  equal  to  the 
Motion  of  the  Weight  of  about  li  Ounce,  tnoving  one  Ounce  in  a 
Second  ;  or  to  the  Motion  of  the  Weight  of  19  Pounds,  which  defcribes 
the  T7T  P^^  of  an  Inch  in  the  fame  Time.  This  is  the  Velocity  of  the 
Air  at  the  Superficies  of  the  Lungs  in  a  violent  Expiration. 

Corol.  I.  The  Corollaries  fubjoin'd  to  the  foregoing  Propolition  fol- 
low from  hence.     • 

2.  A  moderate  Impetus  incun^bing  upon  a  Part  of  the  Surface  of  the 
Lungs,  which  is  equal  to  the  Se£fcion  of  the  Larynx,  is  the  Motion  of 
the  Weight  of  Wt^  of  a  Grain  defcribing  the  Space  of  an  Inch  in  a 
Second ;  or  the  Motion  of  the  Weight  of  li  of  a  Grain,  which  de- 
fcribes the  Tm  Part  of  an  Inch  in  the  fame  Time.  But  the  greateft 
Impetus  upon  an  equal  Superficies  is  the  Modon  of  the  Weight  of  the 
TTT  Part  of  a  Grain,  which  defcribes  one  Ounce,  or  the  Motion  of 
the  Weight  of  1 1  of  a  Grain,  which  makes  ttt  P^ut  of  an  Inch  in  every 
Second  of  Time. 

3.  The  Impetus  of  the  Air  in  a  moderate  Expiration  imprefs'd  upon 
the  Lungs,  is  equal  to  the  Motion  of  a  Columnrof  Water  that  runs  one 
Inch  in  a  Second,  the  Bafe  of  which  Column  is  the  internal  Surface  of 
the  Lungs,  and  its  Height  is  ^tItt  of  an  Inch.  And  in  the  moft  ve- 
hement Expiration  of  all,  the  Altitude  of  the  Column  is  the  y^  P^irt 
of  an  Inch. 

4.  The  Impetus  incumbent  upon  a  Superficies  equal  to  a  great  Circle 
of  a  Globule  of  Blood,  in  a  gentle  Expiration,  is  the  -f^  Pait  of  the 
Weight  of  a  Globule  of  Blood,  in  a  vehement  Expiration  it  is  f  of  the 
iame  Weight  moving  one  Inch  in  a  Second.  But  by  the  way  I  Hdnk  fit 
to  explain  after  what  manner  I  meafur'd  the  Diameters  of  the  Globuks 
of  Blood,  fince  it  may  be  of  Ufe  for  determining  the  Magnitudes  of 
other  minute  Objefts.  I  took  a  fine  Hair  which  was  pretty  long,  and 
wound  it  feveral  times  about  a  fine  Needle,  fp.that  )U  the  Cmvolutions 

might 
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might  cBUftly  toucli  one  another,  as  I  could  plainly  perceive  by  the 
Help  of -a  Microfcope.  Then  I  took  with  my  Compaflcs  the  Diitance 
between  the  extrcam  Circumvolutions  on  each  Side,  and  apply'd  it,  to 
a  Diagonal  Scale,  and  divided  the  Space  found  by  the  Scale  by  the  Num- 
ber of  Circumvolutions.  Whence  was  found  the  Breadth  of  one  Cir- 
cumvolution, or  the  Diameter  of  the  Hain  Then  I  cut  the  fame  Hair 
into  a  great  Number  of  very  fmall  Parts,  and  fcatter'd  them  on  the 
Plain  of  my  Microfcope,  on  which  a  little  Blood  had  been  fmear'd  fo 
as  that  the  Globules  might  be  diftinftly  difcern'd.  When  I  look'd  upon 
them  with  my  Microfcope,  in  fome  Places  I  found  the  Bits  of  H^r  fo 
conveniently  difpofed,  that  I  could  count  how  many  Globules  were  op- 
pofed  to  the  Diameter  of  a  Segment  or  Bit  of  Hair.  But  the  Segments 
were  unequal  in  Diameter,  becaufe  the  Hair  was  flendercr  to^ds  its  Ex- 
tremity than  nearer  the  Root,  fo  that  fometimes  7  or  8,  fometimes  1 2 
or  1 3  Globules  anfwer'd  to  a  tranfverfe  Sedion  of  the  Hair.  Now  when 
both  Experiments  were  often  repeated,  at  laft  I  eftimated  the  mean  Dia* 
meter  of  the  Hair  at  the  7I7  Part  of  an  Inch,  and  the  Diameter  of  a 
Globule  of  Blood  at  a  tenth  Part  of  the  Diameter  of  the  Hair,  or  at 
the  tAw  Part  of  an  Inch. 

5.  The  Impetus  which  is  fuffcr'd  by  the  internal  Superficies  of  the 
Lungs  by  expiring  the  Air,  is  kfs  than  the  Motion  of  the  mildeft  Particle 
of  Dew  falling  from  the  Heaven. 

Scholium.  In  the  Solution  of  the  two  foregoing  Problems  the  Confi- 
deration  is  neglefted  of  that  Impediment,  which  the  Air  fufFers  at  its 
going  out  of  the  Lungs,  by  its  Fri&ion  ag^ft  the  Sides  of  the  Artery 
Trachea  and  its  Branches  \  fince  it  is  but  little,  nor  can  it  be  eafily  efti- 
mated exaftly  by  any  Experiment.  Nor  have  we  been  very  folicitous 
about  keeping  nicely  the  Ratios  of  the  Numbers,  fince  the  only  thing 
we  propofcd  was,  to  expldn  the  Method  of  eftimating  thofe  Forces, 
fbmething  more  certdnly  than  has  hitherto  been  done,  by  which  in  Ex- 
piration the  Air  afts  upon  the  Blood-veflels,  that  involve  the  internaf 
Superficies  of  the  Lungs.  Whence  it  may  be  known,  whether  thofe 
Forces  are  fufficient  to  produce  thofe  EfieAs,  which  are  attributed  to 
them  by  fome  very  learned  Writers  on  Medical  Subjects. 

Problem  III.    To  determine  the  Impetus  of  the  Blood,  in  the  Vena-^/ift^Mo- 
Cava,  near  the  right  Auricle  of  the  Heart  \   or  the  Motion  of  the  5^*J^  '^' 
Blood  flowing  through  all  the  Arteries  and  the  Veins,  except  the  Veins-  '^»  ^^* 
of  die  Lungs. 

Let  q  denote  the  Quantity  of  Blood  projeded  into  the  Aorta,  by  one 
Syftolc  of  the  Heart. 

/  =  to  the  mean  Length  of  the  Intire  Arterio-venous  Duft,  taking 
in  both  the  longer  and  fhorter  Branches. 

f  =  to  the  Time  between  two  Pulfes,  ^ 

Thence  by  Thcor.  3.  Caf.  4.  the  Impetus  required  =  -2 — . 

That  is,  the  Impetus  of  the  Blood  in  the  V«ia  Cava  is  equal  to  the 
Motion  of  the  Quantity  of  Blood  which  is  prejefted  into  the  Aorta  by 

one 
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one  S)rfto)e,  of  which  the  Vclocicy  is  fuch^  that  the  whole  Length  of  the 
Arteries  and  Veins  may  be  defcribed  in  the  Space  of  Time  intercepted 
betweett  two  Pulfes.    ^E.l 

If  in  an  human  Body  are  fuppofed 
f  s=  z  Ounces  Avoirdupois, 
/  =  6  Feet, 
S  =si  i  Seconds, 

The  Impetus  of  the  Blood  in  the  Vena  Cava  will  be  equal  to  the  Mo- 
tion of  the  Weight  of  1 2  Pounds,  which  describes  the  Length  of  one 
inch  in  a  Second.  Or  to  the  Motion  of  the  Weight  of  Pounds,  which 
in  the  fame  Time  defcribed  half  a  Foot  The  is  nearly  the  Velocity  of  the 
Blood  flowing  in  the  Cava.  Bat  we  fuppofe,  by  the  Menfuration  of  the 
learned  M^above  named,  that  a  SeAion  of  the  Cava  is  |  of  a  (quaie  Inch. 

Carol.  Ml  the  Corollaries  of  the  firft  Problem,  changing  what  is  to 
be  changed,  refult  from  this  Problem. 

Problem  IV.    To  determine  the  abfolute  Motion  of  the  Blood  in  the 
Vena  Cava,  or  the  Motion  of  the  Blood  flowing  through  all  the  Arte- 
ries and  Veins,  except  tbofe  of  the  Lungs  ^  abftrading  from  the  Re- 
'   fiftance  of  the  Vcffels. 

Let  the  natural  Velocity  of  the  Blood  be  to  that  Velocity  with  which 
the  Blood  would  flow,  abftrafting  from  all  Refiftance,  as  i  to  x.  And 
whereas  by  the  Corollary  of  the  foregoing  Problem,  and  Corol.  i. 
Prob.  I.  the  Motion  of  the  Blood  is  in  the  Ratio  of  the  Velocity,  thence 

the  Motion  required  is  sts  -^.    ^  E.  L 

Now  if  the  Proportion  found  by  the  Experiment  made  by  tlie^x>ve- 
mention'd  learned  Man,  be  admitted  as  near  the  Truth,  it  will  be  x=2, 5. 

Whence  the  fame  Things  being  fuppos'd  as  above,  the  abfolute  Mo- 
tion of  the  Blood  in  the  Vena  Cava  is  equal  to  the  Motion  of  the  Weight 
of  30  Pounds,  which  defcribes  the  Length  of  an  Inch  in  a  Second «,  or 
to  the  Motion  of  a  Weight  of  2  Pounds,  defcribing  li  Foot  in  the  £ime 
Time.  With  this  Velocity  nearly  the  Blood  moves  through  the  Cava, 
abftrad^ing  from  all  Refiftance. 

Problem  V.  To  find  the  Motion  of  the  Blood  in  the  Pulmonic  Vein, 
near  the  loft  Auricle  of  the  Heart,  or  the  Motion  of  the  whole  Blood 
flowing  through  the  Lungs. 

Befides  the  Charadlers  ufed  in  Prob.  3.  let  A  be  the  mean  Length  o£ 
the  Pulmonic  Ar&crio- venous  CanaL 

Whence  by  Theon  g.  Caf.4.  the  Motion,  required  is  found  ssss,  -i — ^, 

That  is,,  the  Motion  of  the  Blood  flowing  through  the  Lungs  is  equalt 
to  the  Motioa  of  the  Quantity  of  Blood,  which  is  projcded  atone 
Syftole  into  the  Pulmonic  Artery,  having  that  Velocity  with  which  the 
Length  of  the  Pulmonic  Arteries  and  Vtms  may  be.  deioibed  ia  the? 
Time  contain^  between  two  Pulfes*    ^  E..L 

If 
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If  in  the  human  Body  wc  fuppofe  A  =  li  Foot, 

The  Motion  of  the  Blood  in  the  Lungs  will  be  rqnal  to  Ac  Motion 
of  the  Weight  of  3  Pounds  defcriWng  the  Space  of  an  Inch  in  a  Second. 

ProUem  VI.  To  determine  the  abfolute  Moment  of  the  Blood  in  the 
Puhnonic  Vein, 

By  the  fame  Argumentation  as  is  ufed  in  Prob.  41  the  Motion  tc« 


quh^d  will  be  fbund,=  Ij  5  x  -^.    ^  E.  L 


The  fame  Things  being  fupposM  as  above,  the  abfolute  Motion  of 
the  Blood  flowing  through  the  Lungs  is  equal  to  the  Motion  of  the 
Weight  of  yi  Pounds^  which  every  Second  defcribes  one  Inch. 

Sofolium^  By  the  Experiment  of  Dn  KeH  the  Proportion  is  deter- 
mined, whic?h  the  tiatural  Velocity  of  the  Blood  flowing  through  the 
Aorta  and  its  Branches  obtains,  to  the  Velocity  with  wWch  the  Blood 
would  flow  through  the  fame,  abftradUng  from  the  Refiftanceof  the  Ar* 
tcries  and  the  preceding  Blood.  We  have  transfePd  the  fame  Propor- 
tion to  the  Blood  flowmg  through  the  Pulmonic  Artery.  Becaufe  if  we 
take  away  of  diminifh  in  any  Ratio  the  Refiftance  which  the  Blood  fuf- 
fers  as  it  flows  throu^  each  Artery,  the  Blood  of  neceflity  will  be 
alike  accelerated  in  each  Artery.  For  unle6  it  wcrefo,  the  two  Ventricles 
of  the  Heait  would  either  not  be  Contradked  in  the  fame  Time,  or  would 
not  ejcft  the  fame  C^antity  of  Blood.  Fidier  of  which  Things  could 
not  be  done  without  die  greateft  Perturbation  and  Danger  of  the  whole 
Machine. 

Corollary  to  the  ibree  foregoing  Problems, 

Hence  follow  the  Corollaries  fubjoin'd  to  Frob.  5.  mutatis  mutaneUs, 
Scholium  tt  the  four  Problems  above. 

It  is  to  be  obferved,  that  the  Velocity  of  the  Blood  flowing  as  well 
through  the  Lungs  as  through  the  other  Parts  of  the  Body,  though  in 
reality  it  is  not  equable,  yet  here  it  is  fupposM  to  be  fo,  that  the  mean 
Motion  of  the  Blood  may  be  found. 

General  Scholium,  If  any  one  fliall  think  the  Numbers  not  to  be  fuf- 
liciently  accurate,  which  are  here  interfperfed  m  fpecious  Charafters,  he 
may  eafily  correft  them  by  deriving  other  Numbers  from  Experiments 
that  approach  nearer  to  Truths  as  alfo  the  aforefaid  Examples  of  Motions  \ 
or  by  the  AflTifl^ancc  of  the  Corollaries  of  the  Propofitions  thcmfelvcs. 

V.  I  am  bufy  at  prcfent  for  a  Coal-mine»  which  hath  been  left  ofl^  be-  7he  tteffian 
taufe  of  the  Impurity  of  the  Air;  1  have  therefore  improved  the  Hef  Bellows  im- 
Jian  Bellows  \  An  Account  of  that  Contrivance  is  printed  liffta  in  ARis  ^^^'  ^^  ^^' 
Eruditorum  anno  1699.  with  this  Title,  Rotatilis  SjifforetPreJfor  Htffiacus:  joo.^ITqJo* 
And  it  may  be  applied  for  Wind  as  well  as  for  Waters  At  that  Time  thfe 
Shape  of  the  tympanum  was  Cylindric,  as  may  be  fecn  Fig.  210.  where  Fig.  2104 
X)^FC  is  the  Circumference  t  CP^DPy  AP^  are  the  RaiH  which  bear 
the  Wings  Cm^  JDn^  Ao:  CEis  the  Aperture  through  which  the  Wind 
muft  be  driven  in  the  Direftion  of  the  Tangent  CB :  And  it  may  be  ob- 
ferved, that  when  the  Engine  is  working,  every  Wing  from  the  End  of 

thQ 
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the  Aperture  £,  till  it  comes  to  the  Beginning  of  die  (ame  Aperture  C 
drives  always  the  (ame  Air,  with  the  fame  Swiftnefs,  and  at  the  fame  Dif- 
tance  from  the  Center :  So  that  in  perufing  all  that  Circumfereace»  the 
Air  doth  find  Refiftance  by  Fridion,  and  gets  nothing  at  ail.  I  do  there- 
fore now  make  the  Circumference  of  the  Tympanum  in  the  Sjurai  Shape, 
rig.  211.  which  is  to  be  fecn  F^.  21 1,  where  the  Spiral  Circumference  is  AFGB^ 
the  Radii  are ^  P,  CP,  DP,  6?c.  The  Wings  are  AM,  CN,  DO^  ^c. 
The  Aperture  is  AB.  And  it  is  to  be  obferved,  that  every  Wing  in 
going  round  drives  new  Air,  becaufe  the  Air  which  is  firft  in  Modon 
finds  Place  to  recede  from  the  Center  towards  the  Spiral  Circumference; 
and  fo  it  gives  room  to  new  Air  to  come  to  the  Wing :  And  when  the 
Wings  come  near  to  the  Aperture,  they  drive  their  new  Air  into  the 
Aperture  without  any  Fri^l^on  ;  and  the  Air  which  hath  been  firft  driven 
and  removed  from  the  Wing,  cannot  lofe  its  Swiftnefs,  becaufe  the  Wii^ 
which  continually  follow  do  continually  drive  new  Air,  which  keeps 
tliat  which  is  before  always  in  the  fame  Swiftnefs.  This  new  Shape  of 
the  Heffian  Bellows  affords  alfo  another  Advantage;  becaufe  the  Air  in 
going  round  follows  the  Spiral- line,  which  is  nearer  to  the  ftrait  Line  than 
a  circular  Circumference  \  and  when  the  Air  comes  to  the  Aperture,  it 
gets  into  it  without  any  Lofs  of  Subftance  ;  but  in  ^e  Cylindrical  Ma- 
chine, the  Air  doth  always  go  round  in  a  circular  Circumference,  and 
when  it  comes  to  the  Aperture,  the  Wind  is  driven  dire£ty  in  the  Di- 
reftion  of  the  Tangent,  out  juft  in  the  Beginning  at  C ;  and  afterwards 
the  Impulfion  is  oblique :  And  this  Obliquity  is  always  increafing  until 
the  Wing  comes  to  the /ir»£fi<x»^;  Now  it  is  known  how  much  Di^ 
minution  fuch  an  Obliquity  can  make  to  the  Strength.  I  believe  there- 
fore that  this  Spiral  Figure  is  a  good  Improvement  to  this  Engine.  And 
indeed  I  have  made  fuch  Bellows,  where  ^tRa£usAP\%  but  10^  Inches, 
the  Wing  Am  z  Inches  broad  and  9  Inches  high ;  becatfe  the  Tympamm 
is  alfo  fo  high,  or  little  more  \  the  Aperture  ^  if  is  alfo  9  Inches,  or  a 
little  more,  fo  that  it  makes  a  fquare  Hole.  When  I  work  this  Engine 
with  my  Foot,  it  makes  fuch  a  Wind,  that  it  may  raife  up  two  Poimds 
Weight  \  and  without  doubt,  a  ftronger  Man  could  do  much  more : 
But  this  is  more  than  fufficient  for  our  Purpofe,  fince  we  muft  but  drive 
Air  enough  for  the  Refpiration  of  fuch  Men  that  can  work  in  the  Mine ; 
and  we  may  eafily  with  Boards  make  wooden  Pipes,  to  carry  the  Wind 
to  the  very  Bottom :  So  that  the  Air  within  will  be  continually  renewed 
as  well  as  without. 

As  to  the  Engine  to  demonftrate  the  Power  of  Water  expanded  by 
Fire,  we  have  here  made  very  good  Experiments  of  that  Matter  before 
Winter.  We  have  raifed  Water  to  the  height  of  70  Foot,  by  a  very 
commodious  Way,  which  may  be  yet  very  much  improved.  The 
Heffian  Bellows  may  be  very  ufeful  to  a  Furnace,  I  have  already  made  2 
little  Trial  of  it,  acid  I  had  a  very  ftrong  Fire  in  a  Furnace,  to  mek  Glals, 
Iron,  or  any  other  hard  Metal ;  and  yet  I  could  open  the  Furnace  above 
the  Matter  to  be  wrought  upon,  and  yet  no  Flame  would  get  out  through 
the  Aperture  1  nor  cold  Air  from  without  get  into  the  Furnace :  So  chat 
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it  is  very  like  this  will  be  a  great  Convcniency  for  fcvcral  forts  of  Work> 
lince  Men  may  work  the  Matters  when  they  are  'rnoft  foftened  in  the 
Fire ;  and  they  may  be  drawn  up  perpendicularly,  that  they  may  not  be 
bent,  as  they  are  when  we  draw  them  horizontally.  I  believe  that  would 
be  good,  efpecially  to  make  cafily  Glafs  Pipes  and  Looking-Glaffes  of 
an  extraordinary  Bignefs. 

VI.  Account  of  a  Book  amtted. 
Jotmms  Pokm  in  Gymnafio  Patavino  Phil.  Ord.  Prof.  &  Scient.  So- 
cieutum  R«galium,  qus  Lmdini  &  Berolini  funt,  Sodalis,  De  Motu 
Aqua  Mixto^  Libri  Duo,  iSc.  ^o.    Patami  1717. 
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Geography.     Navigation. 

I.  OEveral  Perfons  have  given  us,  as  they  have  fuppofed,  the  }v&  A  DiftmBra- 

\^  Number  of  Acres  contained  in  England^  or  Sautb  Britain^  °^nSL2C  V 
very  near  it.    Sir  William  Petty  reckons  about  28  Millions ;  others,  29  A^^lng- 
Millions ;  others,  a  few  more.    But  they  have  all  been  miftaken  in  land,  hy  Dr. 
under-reckoning.  ^  N.  Grew.  n. 

.    And  the  Reafon  of  their  Miftakes  feems  to  have  been,  their  reckon-  3  30-  P-  ^66- 
ing  only  by  the  Maps ;  that  is,  by  computed,  and  not  by  meafured 
Miles ;  by  which  only  the  Number  of  Acres  can  be  known. 

I  have  fcen  an  Account  of  the  Number  of  Acres  in  each  County  : 
Which  Account,  whether  taken  from  Doomfday-Book,  or  from  any 
other. Rafter,  cannot  be  true.  For  tho*  we  h^ve  loft  fome  Land, 
yet  there  is  a  grcaf  deal  more  now  gained,  which  in  the  Conqueror's 
Time  lay  under  Sea.  Within  120  Years,  very  much  has  been  recover- 
ed out  of  the  Seas,  and  maintained  by  Banks,  in  the  MariKes  and  Fenns 
of  Mex^  Kenty  and  the  Ifle  of  £ly.  And  in  fome  Parts  of  Lincoln/hire^ 
the  Lftnd  has  gained  of  the  Sea  four  Miles  in  a  dired  Line  from  Land 
to  Sea*  in  the  Memory  of  Men  now  living. 

Nor  is  it  the  truer,  for  having  been  taken  from  any  other  Record  : 
For  if  the  Numbers  of  Acres,  according  to  the  faid  Account,  in  each 
Shire,  be  put  together,  they  exceed  not  39  Millions  and  a  Quarter  j 
Which  Number,  though  it  comes  much  nearer  to  the  Truth  than  any 
of  the'foi;mcr,  /yet.i?  a  great  deal  Ihort  of  it. 

.  Fbr  howcfvcr,  kpcording  to  vulgar  Computation,  England^  or  South 
Britainy  i$  reckoned  in  Length  but  305  Miles  ;  and  in  Breadth,  abouit 
290  Miles :  Neverthclefs,  it  appears  by  an  exa£t  Whecl-meafure,  That 
ftpm  Jtfew-Haven  in  the  South  of  England  to  London^  arc  $(>  meafured 
J4jiles;  and  that  from  thence  by  a  ftrait  Line  continued  to  Berwick  ijgi 
tiit.Nortby  are  339.  of  the  fame  meafured  Miles  j  in  all  395  measured 
Miles,  'the  true  Length  of  England.    And  again,  that  from  the  Sout^ 
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Foreland  in  the  Ziifi^  to  the  laand^  thd  -in  CtmiQfaU^  itfe  ibujot  367 
Mile^  of  tJie  feme  Whc^Kmctfiite,  tlht  tfuc  Breadth  df  "Bn^laiH. 

This  Ijirfing  known,  it  i^eafy  toi6ncr«r^lfo,'how  tnanyTquarel^cs  and 
confcqucrttly  how  many  Acres  ire  contained  in  lEn^nnn^  orSpiitb  ISrHain. 

If  a  Line  be  drawn  on  a  »Cbaft  of  JEr^lMd^  from  .the  Swi  Fonilanfi 
in  Kent  to  Berwick ;  and  froro  the  two  Ends  of  tb«  ^linc,  two  mwrc 
Lines  meeting  at  the -Land's  End  in  Cmtwatl^  they  will  m^^c  the  Xn- 
Fig.  212.  angleABC:  WhhA  l*fian|[Ie/as  it  exclude  as  much 'm<)TcbfAe^^ 
^  It  inchides  of  the  Sea,  as  may  artfwer  the  Ymalllfumber  dF'Mifes 
obtained  by  the  Curviey>  of  the  Roads  j  it  may  thctefcBTC*  be  allowed  10 
be  equal  tashc  Area^of  England^  or  Sputb^  Britain^  ^ 

Next,  if  to  the  Triangle  ABC,  another  fimilar  and  equal  Triangle 
BCD,  be  added  -,  both  tqg^er  make  th^Hlrainboid  ABDC.  Which 
being  divided  atEF,  niaketh  tKe  Ithoniboids  ACEF,  andBDEF^ 
€qu2d  to  one  another.  One  of  nwhich  is  .therefon^.equtl%to  the  Triangle 
ABC.  And  the  Reftadglc  AGHF,  ftanding  upon  the'fameBafc,  and 
i]^tween  the  fame  Parallel  Lines  with  the  Rhomboid  ACJEF,  by  the 
3^fli  Of  thte  ift  of  BucUi^  Is  equal  to  tint  faid  A'CE>i  tqoal^cchthe 
Ttiart^le  ABC  5  eqo^  to  the  Anea  df  "Enghmlj  or  Sauih  Brinmn. 

Now  thfc  O.ength  -between  Bsmiek  and  flic  South  Foreland  in  &ni^ 
being  about  5  Miles  more  thain- between  BifwUtzxtdi  Ntw^Jbvtn^  whidi 
is  395  Miles :  Therefore,  the  Line  AB^  may  be  qiken'ibr  400  M3»; 
and  fo  the  Line  AF,  for  200.  And  the  Line  A  G^  being  IdVoy  about 
J  Miles,  than  between  the  Sbtkth  Foi^land  In  Kfint^  and  the  Land^s^Btd 
m  Cornwall^  which  is  367  Miles,  the  faid  AG  may 'be  taken  ftr.^ 
Miles.  Therefore  AG,  360,  being  multiply^  by  AF,  200,  prodoeeth 
72000  fquane  Miles :  Ajid  72000  being  multiplied  by  640,  theKomfaff 
,  '  of  Acres  contained  in  one  fquare  Mile,  producedi  ^6  "Miffions  ani 
80000,  the  Number  of  A<n»  contained  in  EngUtttdy  or  Somh  Britaig. 

Whence  it  appears,  Firft,  that  if  the  Provinceof  HMiinS  CMcaos, 
^s  is  computed,  but  one  Million  of  'Acres,  tiven  ^Hgkndhman^bfz 
Fraction  of  Sdodo  Acies,  than  46  times  as  big  as  'HoUani. 

Next,  if  in  the  Province  of  Hollandy  containing  but  <)ne  'KffiHoD  of 
Acres,  are  two  Millions  and  400  Thoufand  Souls,  ortWoMilfipns  aid 
four  loths,  as  they  are  faid  to  be^  then'^^^iiJ^  which  doiitafafs-46 
Millions  of  Acres,  to  be  proportionaUy  populous,  fhould  harretw^ 
46  Millions  of  People,  and  four  loths  of  46  \  that  is,  About  noliiBI- 
fiona. 

But  to  allow  room  enough  for  PeHbns  of  alt  Degtees,  -if  Eiij^lciki 
were  hMf  as  populous  as  Hmtnd^  mth  only  55  MUIions,  it*wm'a'.|clod 
Proportion,  and  Would  be  near  five  times  ourprefentKombcir:  And 
about  22  times  as  many  as  in  th^  Province  of  HdSMl. 

To  people  England  in  a  competent  Time  with  this  Number,  tiiere  are 
ihany  W^ys  prafticable :  By  which,  I  have  computed,  the  prdfentKom^ 
ber  may  be  doubled  in  24  or  2^  Yeats.  Ami  prohab^  qaadrapkd  in 
about  ^6  Yeas. 

Que 


Cueing  Q^StTMgefS::  Xti  t^nuik^uicpfe  t^ia,  or  qC  ^aj  oyi^  Wa^,^ 
DD  ouiloply  the  f^c^,  b«jbM«  wf  hgvc^ provided  tbe  Mean^  of  empiby- 
iog  themt.vioiiU  be  prepofeceu& 

But.whfcHi^Kc.fliaU  mind  our  «w  fct^pieil}  in.«mpl(ma&.4a4  <^c^^ 
mgiiig  cycsTt  where  our  owa,Hto(is»  amti.U^e  HaocU  or  oi;^r  Naiiop$» 
m.AcBremi  mi  Vntcb  do».  ki-ait  tbe  fors^oi:  HiUibw4i7f  Moaufa^^bi- 
Xfi  and Mendhatioy::  When ^OMr  I^ility  aiKlQemry  thenifelvcs  (hall 
be  Eaofnplea.m  fiumr  ori  ocher  of  chiife  ParticfAlart:  When,  we  Qi^i 
hereby  be.vmvecfaUy  mgag-4  tp  mcbi^  nd  u>  improve  every  Foot  of 
our  Land  %  to  make  the  utmoft  Ufe  of  all  our  Home  Growtij^  4^^f? 
and  under  Ground;  andiof  all  oor  Ports,  (about  200  gre^  and  fanlll,) 
moct  than  m  alt  thelUi^domsand  States  of  JE«ri^  pot  tog^  And 

whea&)p//ini/:and  ir^iAm^ft^l  bpth  of  them  aitGrwal4^  be  imffoved  in 
Kke  Manner;  when  all  Menft  Heiwls  and  HmdU  ihall  be  thu$  employed 
about  Tome  one  honeft  and  profitable  Bufinefs  it  is  ^afy.to  £xe£ee  how 
htgUy  it  will  ad'viance  the  Britifii  Monarchy  md  People^  at  Home,  and 
all  over  the  World,  in  Beauty^  Strength  and  Glory« 

'  H.  I  Goodude  that  the  Ecl^pfe  of  the  Moon  of  iW.  i%tb  170^  be-  ^hiDiffirenee 
gan  ae  Lanim  at  about  31  or  t2  Minutes  after  4  in  the  Morning.  j/Longimde 
At  Candri4ge.  about  4Mlle5.from  A^i«i«w£i^iw^,Mr.  BrattU  Z^Z^^ 
firand,  t  that  at  44  Minutes  after  r  i  at  Night»  paff  ol  the  Moon's  Difk  bridge  in 
Iflbked  f6m*wkK  duikilht.  and.  llia(  at  $z  MiniM^SK  th^  .^hi^ w  wa«  well  New£Dglaixl» 
cnter'd :  So  that  from  hence,  as  well  as  from  a  Comparifon  oi.xhe^  logrefs  ^J^  ^' 
andEgrefs  <rf  the  principal  SpOtd,  it:|*ob»Wf;  t>egw»  t|ync..alio^49  292.p!^?637. 
Minutics.a&et:  11  ;  whence  iD  foUaWf^  .th«  Qf^nki^^  m-N^M^la^  f  TiV.  fapra' 
tieo  4^  4  2  v«  or  yo  ^y\  to  the  Weftward  f>f  (he  M(4fi4ilW^9|'.^^9^4    P*  ^7i* 
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*Tii.naw  above  tlnrty  Ytoansi,  fmce.I  bad  fkJWfMq^ wifh  f^jpe  of  ^^'Long>t"<J« 
wtkGtsgr^gptm  abdMt«l¥5.Loiigitttde  pf  the  Cape  of.  G(^M(^  Good  & 
ittdito.have  been.  obferv'dJby.  th^.  Ri»ligiou/s  ^iffloft»ri^  fent  poX^MtM  {cf^.  ^  d^"^ 
in  the  Year  1685.    By  ab  Emerflitn.  of.  ^  iirft;  S«:eUite  of.  Ji^icr\  E.  Halley  *n. 
they  determined  that  Cape  %sk  bc.\j**  iti  ,  on  ^7i.8f*  ^aow  Wlc/iyv  thiin  361.  p.  99^- 
jRorx^;  that  is,  20  gr.  from  Uftdmt  Whiehi  for  the  R^?ii9i^  Tlhen 

evc^  II  li  concluded,  could  not  be  .mOl!()  «!«*:  I7..8rv    :ye«y  latelj^  I  ||  ^7^  s„p^ 
Me'falkn.upon  an  Ohfin^onwhich.!  bd^A  vrUlidetermiae  the  Con-  v.  i.  c.  viil 
tmireify:  in  my  Fayour ;  for  I  had  ^cid^Milly  a.  Journal  of  an  .OiBf  er  ^-  ^^  VI. 
ef  the  Ship  £ai|^ttrir,.put:iAto  my  Hands*.  whoinihi$'.Return.from  ^4^ 
Qp.the  fifidi  of  Mtii^  1 71 S.  ofafenr^d  tb:  £{id  1^  a  l^unar  £^lip^>  whea 
tiis  vifible  Akitodeof.  the  Mooa*a£enCor  wiaft.i:^^  asv  he  beir\^.  then  in 
the  Laeicade  of  34^  23  Jba/ir,  and  as  they  found  afnrwaids^jiuft  1^80 
Leagiic»  to  the  EaftWaids  ofi  Ckpe  hmm$  Bfpiranft^     By  Calcvla^iof  I 
find,  that  in  that  Latitude,,  the  Mbon.had  uak  height  at  f'  ij'  i  S.  M. 
and  by  comparing  this:£clipie  with  that.  we.ohfcrii^'d.wi^gm^tExa^ 
tm&oaPd.ii^i  X  68  X..  (which. agrees  psrfedl]^  lirell  with'OvrNi^r 
bees).  I  conclude  the  middle  of  this  to  have  happened  at  London  at  3*' 
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45»  755^  Longitude  of  the  Csipc  «/*  Good-Hope 

48*  P.  ilf.  CO  which  adding  i^  46^  for  the  Samdundon  (this  being 
very  certain  from  the  obferred  Cbntimiance  of  the  Edipfe  of  1682.) 
the£ndwillbefoundtohavebeenat£Md!Mrat5^  34.  The  Ship  was 
therefore  in  a  Meridian  26^  to  the  Eaftwards  of  LcmloM:  But  fl^  was 
at  that  Time  180  Leagues  to  the  Eaftwards  of  the  Cape^  which  Diftance 
in  that  Latitude,  gives  eleven  Degrees />f  Longitude ;  this  tberefoie  be- 
ing deduAed'from  the  Longitude  of  the  Ship,  leaves  iuft  15  ^.  or  ooe 
Hour,  for  the  Difference  of  Meridians  between  Lomm  and  the  Cafe. 
So  that  by  diis  Account,  the  Q^  is  yet  nearer  our  Meridian  than  I  lud 
formerly  placed  it,  atid  near  fix  Degrees  nearer  than  M.Dela  ISre  places 
it  in  hit  Tables. 

' '  Thik  Eciipfe  was  attended  with  all  the  Circumftances  rcqutfite  to 
make  the  Conclufion  as  certain  as  the  Nature  of  the  Thing  will  admit 
hi :  F6r  the  Moon  was  nearly  in  PmgM^  and  the  Eciipfe  almoft  cemnd  ; 
fo  chat  fhe  emerged  out  of  the  Shadow  as  fwiftly  as  poffible.  The  Sea 
was  very  fmdoth,  there  having  been  little  Wind  for  above  30  Hours  be* 
fore }  and  the  Moon  was  not  too  high  to  be  well  obfervod  with  a  Fore- 
ftafF:  Nor  were  they  longat  Sea,  before  they  made  the  Land;  for  ia 
^  lefs  than  five  Days,  on  the  tenth  ofMarcb^  at  Noon,  they  had  paft  Cape 
•  ^AgfdboT^  tl*  moft  Southerly  Promontory  of  ^rica^  which  «ien  bore 
from  them  iVor/i^  £4/?,  about  fev«i  Leagues  diftant.  The  End  crf'this 
Eciipfe,  though  not  vifible  here,  mig^t  have  been  feen  in  Germaaj^ 
both  at  Nure^rg^  Leipfick  and  Berlin  \  but  we  do  not  hear  that  it  was 
any  where  obferved  there :  However,  our  Numbers  in  this  Cafe  may  be 
fecurely  relied  on.  ' 

On  this  Occafion^  I  ihall  infert  an  Obfervation  or  two  I  procured  to 
be  made  at  the  Caft^  by  Mr.  idlacander  Broum^  a  Scotch  GcntlemaxL 
He  carried  with  bim  a  very  good  Brafs  Quadrant  of  above  two  Foot 
Radius,  and  at  the  Duicb  Settlement  at  TaUe  Bay^  having  reftify*d  his 
Pendulum  deck  by  correfpondent  Altitudes,  on  the  4/A  of  Ai^Ji  1694. 
at  5^  59'  Msne^  the  Difiance  of  the  bright  Limb  of  the  Moon  from  the 
Right  Shoulder  of  Orient  was  obferv'd  to  be  65^  3'.  And  the  next 
Morning  Jug.  5.  at  5''  21'  1 2\  the  fame  Limb  was  difbnt  from  Procyem 
^f  57',  and  at  5*  36'  48^  from  the  Lmia  Arietis  58^  29'. 

It  were  much  to  be  wiih'd,  that  the  Moon  Jhad,  either  of  thefe  Morn- 
ings, been  obferv'd  at  Greemmcb  or  PariSy  ok  at  fome  Place  in  Eunpt 
whofe  Longitude  from  them  is  well  known :  But  that  failing  us,  I  had 
recourle  to  the  Period  of  the  Lunar  Motions,  which  is  performed  m 
1 8  Years  and  ten  or  eleven  Days ;  after  which,  the  Enors.of  our  Lor 
liar  Computations  return  very  nearly  the  fame  ;  and  I  found  among' 
my  own  old  Obfervadony,  one^  that  agreed  weU  with,  that  of  the 
4/*  of  Augufiy  viz.  Anno  iSjS.  Jufy  23^  13^*  1 1'  35''  at  Ox^^ J  ob- 
ferv'd the  Moon  to  apply  to  the  Star  in  medio  Cello  Tauri^  by 
JPiryfT  maxk'd  A  The  Star  at  that  Time  was  diftant:  from  the  Sou- 
thern and  iieareft'  Cufp  of  the  Moon,  by  the  Micrometer  120'  32% 
and  at  13^  17'  15^,,  when.  it.  fecm!d  to  immerge  upon,  the  bi^hc 
-  :  .  .Limb 
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Limb  of  .the  Mt)dn»  it  was  ^iSaiM  from  the  ^Northern  Cufp  23' 
20"^;  but  this  is  lefs  certain,  by  reafon  of  the  hazy  Air.  The  Star  at 
that  time  was  in  W  %%^  56'  with  i^  13'  to'  Nmb  Lat.  whereby  I 
found,  that  our  Lunar  Tables,  founded  on  Sir-iJ^  Newtotfi  Theory 
of  her  Motion^  gave  her  Blao^  u  that  Time  o^^y  twQ  Minutes  too  flow  \  . 
which  Errw  being  allowed  on  the  j^tb  of  Ang«fi  11594. .  the  Refult  was, 
that  5^*  ss'  at  Cape  B0tne  Efpirame^  was  at  Landoti  ^  53^  whence  the 
Di£ference  of  Longitude  jh5  I  Degrees^  fufficitsntly  near  what  we. had 
before  determined.  .  ^  .^i    .  : 


IV.  The  Gentlemen  of  the  Royal  AMtUmf  fifSdpuis  in  Frmci^  hav^  O/Oe  Vuit- 
for  fome  Years  paft,.apply'd  fthcoifelves  with  mwi^^JandouFrSWKl  Dili-  ^on  ^/Pm^^ 
gence,  •  to  examine  the  Chart  I  publifti'd  in  the  Ye»r  1791.  for  fhewing  ^^  j^^^ 
at  one  View  the  yar^fiomi  of  thelMagnetical  Co^pa^^  in  aUlliofe  Seas  ^  ^^,  ulugd- 
with  which  the  Eugkjb  -  NMigttors  .are  acquaipi«)d  ^  and  I  find,.  •  that  kn  Scnights, 
what  I  did  fo  long  ago,  has  bebn  fmce  abundantly  verified  by  the  con-  ^^'^.^^^ 
current  Reports. pf  .the!  ^dr^ JPtio«s^ :iifho  of^.^af^  have : hudi ff/e^VdW  f:r776c"* 
Opportunities  of  inquiring  into  the  Truth  thereof.     So  that  tarn  ia  ^*  '  ^'     ^' 
Hopes,  I  have  laid  a  fare  Found<(tioii  for  the  futyre:Difc0Very  of  :.die  .   \  ^'' 

Law  or  Rule  by  which  the  faid  Varktions  change,,  in  Appearance,  re^ 
gmlarly,  all.the  Worid  over.  Of  this;  I  have' Jopg  fince  given /n)y 
Thoughts,  t  ^uid  as  yet  I  fee  no  Caufe  to.retraft  what  I  there  oflfer  feir  t  i^^.Siipra. " 
a  Reafon  of  this  Change  •,  but  of  this  we  might  be  more  certsainii  had  y'vni'^^' 
we  a  good  CoUeftion  of  Obfervationft  made  in  that  Ocean,  which  di- 
vides  4fi^  ^d  America^  and  occupies  about;  two  Fifths.of  the  whole  Cir^ 
cusiference  of  thfe  <Siobe. '  Thi^,  we  hop0,  may  be  eSeftually.fupplyM 
by  the  Fftncby  who  may  return  from  Piru  by  the  Eaft  Indies. 

In  the  mean  iimei  cannot  omit  to  take  Noticje  of  two  Par^lars^ 
feemii^  to  call  in  Queftion  the  Truth  of  my  afordaid  Map,  in  the  Ma- 
mrirs  of  the  Rcjal  Acadtiarf  ef  Sconces. 

The  one  is  in  the  Mm^irs  of  the  Year  1700.  concerning  the  Varia-  Ofthi  Varia- 
tion ob&rved  at  Pifraika  in  Brazi/e^:dbout  2  5,  Leaigues  to  the  Northwards  ^^^  *'  P"*»- 
of  Pernamkucy  by  M.  Couplet  kfib,  whofe  Wards  are  thefe : ,  **  '«  ®^^^- 

*  A%  aov  1 698.  Having  before  carefully  drawn  a  Meridian  Line, which 
I  made  ufe  of  for  Aftronomical  Obfervations,  I  obferyed  the  Declinatioa 
erf  the  Needle  touchM  by  the  Lpadftpne  toibe  5°  .3.5'.  N.  W/  And  the 
fame  Obfcrvcr  tells  us, that  he  found  the  Latitude  of  the  Town  of  Paraiba 
6^  ^38'  i8^  Now  it  happened;  fh^t  I  was  in  the  River  of  Paraitgy'm 
Mareb  1699.  and  thei^  fitted  and  cjean'd  my  Ship  -,  fo  that  I  had  full 
Opportunity  to  obfefve  .the  Va?iatipr»  both  on  Board  and  on  Shore,  and 
feond  it  conftantly  to.be  above 4*^r.  N(f$h  Eafi%  fothat  I  am  willing 
to  believe  this  to.bt  an^Error  of  the  Prefs,  putting  N,  W.  for  N*  E. 
or  rather  tof  the  Memory  of  M..  Couplet ^  yrhoj  it  feems,  loft  all  his 
Papers  by  Shipwreck  in  his  Return.  The  ianae  piay  be  faid  of  the 
Latitude  of  Paraib^y  which,  though  I  did  not  obferve  myfelf,  yet  at 
€he  Fort  of  CaboiJ^olk^  at  the  Mouth  of  the  Rivier,  and  which  is  about 
3  lieagues  more  Northerly  than  the  Town,  I  found  the  Latitude  not 
3  lefs 


45  i  ^^  LoH^udtof  't\e\l\!k^^i^^^ 

lefk  than  6^  55^  Sonrh,  aiid  by  ConftqiKntt^tlat  <oE  thr  Toi^n 
then  7,  Degrees.  '  -       :   i  '.  -      •  vr;  ,..>;:;  ^;  ; 

THc  other  »  hi  ^  IDi^ourfe  of  M.-  ditlifie^  in  tfie  JfifirffbiRf  of  17109 
where  he  eompares  t^"*  Vai^tioM  dbfci^^  in  Ibm^  toe  Voyajgepp 
with  my  Map  of'  ^  TtttotionA  Atitofig^  ^heri  Tki|ig8»  *ds  there 
faid,  that  on  ttieEA4kle:<ifthe>fa^^^  fSat  G);{ut. 

no6Ha!  Line,  Ml  ^M'Wk^A  Gf^^^i  bad^-  h\  .th«  Bi«i«»in^  of  the  Tev 
1 709,  fbimd  the  V&riation^  1 1 i  gf^^  ^^irtieiieis  4ny  Cb«gt  aoftkes  it  bat  5^ 
gr.  I  never  indeed  obferved  myfelf  in  thofe  Parts  \  dad  ^cis  ftom  the 
Accounts  of  others,  and  the  Analogy  of  the  whole,  that  in  fuch  Cafes 
I  was  forced  to  Ibpdt^  whot  ^w  wan«ii)gi;  itfdi'tA.iiiyfflUe,  that  there 
may  be  more  VoMtifM  on  that  Ooaft  Chan  Ihof^  aifii^;  But  ooa« 
flitting  my  Charts .  (^hidh  wa«  fUtod  to  ^  Year  i^fCK^\V&[A  Icthea , 
make  the  Tariattovta€:Che  Ifle  of  9t.  ^imila^  Ml  7$  fK  and  not  ^gr. 
thewhich^  byth^Y^t^oS^  might  w^oift  to  man  ^  |»^.  &»tiiat 
th^  DISeren€e  w41t  be4omi»  v^tf  tolehriife  \  ndieit^.  a{f>£nr6r  of  6gr, 
.  fuchi^ifrhtferfpftTeiitea,  wodd'rtndirthbCrb^ 

fuftc^Jted;  •    ••  -"'  '  ■•'—  -"  ^'=*      -/.••.'•;:.     . 

0//%f  Lob.-       BUt  a  fiifther  Thing  P  might  coim>hfiii»of,;  is,  tltat  in  the  fame  Mk^ 
gitude  e/*/^^  imw'  of  M.  4f  jC^A  the  GeogmpHy  or  my  Chart  is^caHed  in  QpeAion^ 
Magelkn       anfl  wt  atf  told,  tiiat  I  have  plMed  the.  Emraiioo  <if  the  AtagiOm^ 
^^y ^'      SvnMghtsat  leaft  lO^Degms  more  Wcftorly  dian  I  poght  U)  have  dour :- 
For  that  die  Sbi^St.  J^ir,  in  the  l>aM>^o8^  iajdifttg'from  theMoodi 
of  Rs0  GMegOy  in  about  the  Latitude  of  52  fftx  South,  and  not  far 
froiivCape  Vtrgm^  direfkly  for  C^  JtMmJ^NMna^  (whicli  Courfe- 
perHaps;  wai  never  rua  before)  had  found  the  Diftmce  littween  the  two- 
Lands  not  more  than  1350  Leagues,  which,  heccifichidies,.ia^mQchle^ 
thavi>  mf  Chart  of  tho*  Variatiem  makes  it,    I  know  not  ftom  what 
Computation  M .  di-  Ufil  h»&  AwNty  this  CQicii^pi»Uo\  but  I  ted' t^' 
my  Chart  that  I  have  made  the  Longitude  of:  Mi^Galtigmysgr.  Weftr 
from  EofUkHj  and  that  of  CzptB^nn^S^mm  iSi  ^i&:  fmmu  1  due 
i»tn  aH  91^^.  Ettfierenee  of  Longilucki  ThiiwMitft  two  LitiMdfi% 
gives  the  Diftance,  aecokiing  to  tho  Rbumb^Mne,  1^3^  Leagu«i|  but 
accoKHng  to  the  Arch  of  a  great  Circle^  no  tnor^  fltmn  1287.  Lo^M^* 
So  that  inftead  of  ihvuHdating  what?  F  b^  thim  btddo^m,  it  docs  d^-- 
folutely  confirm  it,  as  far  as  the  Authority  of  one  fingie  %ip's  Jounudi- 
can  do  it. 

I  do  not  pretend;  that  I  have  had  Obftrra^ns  Made  with  aH  t6e 
PfeoilUm  requifite,  to  lay  down  hieonteftaUy  die  M0g$Um  Straights- 
in  their  true  Geographical  Site;  but  it  has  not  beew  widfout  good 
Grounds,  tluit  I  have  placed  them  as  L'faatv^  done.  Fof  when  Sir  }M» 
Nari&rcugb^  in  the  Tear  1670,  wintered  in  Povt  St.  JuUm,  00  dH' 
Coafl:  of  Patagonia^  Capt  Jolm  WmI^  then  hi$  Lieutenant,  and  an  ap»- 
poved  Artift  in  Sea-Affaifsv  did  obferve  the  Bkghmkfg  «f  an  E^ii^  of 
the  Moon,  ^.  iS.  SHI  vit.  at  juft  S  at  Ni^r:  And  the  iaiw  Br^ 
ginning  was  obferv*d  by  M«  Htttkut^M  S^ntiaickf  at'r4^  17a%  whtnee 

Fort 


Port  Su  ^uSan^isjnqtc  Wcfterly  than  Damtzkk  6^  i2\  or  than  iMim 
5**  6j  that  is  yJSi  "-     ii-»«/—  f  u-»*i.-.  k-i/A  ;n  •«»  r'«;n.^^..  -*  ««-«  ^'.^..: 

ous  Journil  of  G 
^«i?late-wrcckjTnc 


4^5 


JSeiJdcs,  I  have  had  in  my  Ciiftody  a  very  curi- 

^^r^gy  who  went  into  die  Soutb^Setis  rn^queft  of 

who  JiftuveiM  Uietwr^-Iflanda  he  called  FmkUmPs 


(flesj  lying  .abbwr  n^  Lq^guta^io  the^  B^Wards  of '^  P^^^gn  Coaft, 
about  the  Lat.  (Df  5 1^.  IThis  Capt*  Stwpngj]»d  ai  auick  Fafi^e  finpm  the 
Ifland  of  Trinifhda  '(in  20t  South)  So  ^<iMaiellan  Straig&s ;  and  in 
this  Journal,  which  ivas  vtry  well  kqtt^  I}^un4>  that  Cape^/r^'ff  was^ 
by  his  Account,  45  Degrees  of  Lotgitudfl  m^re  Weftesiy  than  that 
Ifland,  whofe  Longitude  I  know  to>  be  jifft  301  Degrees  f»Hn  Jjmdon  % 
that  is  in  ati,  7S-P^^ 

FromTth^e  concurDent  treftimoniea>^  I  adveniuro^  .to  £»« the  longi- 
tude of  this  Cpaft  as  i  hare  done ;  and  \  can  by  no  Mems  g^ant  an 
Error  of  10  Degrecssto  be  pofllble  in  it,  j^ough  perhaps  tc  mVf  need 
'^ttie  rmaUtfr  Q^ire^an.  !I  will  howcyer  rtadilv  grant,  that  thtfe  that 
gD'diltlier3£rom.  Eurifpe^  IHall  find  the  ;l^aBd  more  Eafterlji^ithaa  is  here 
cxprefs^d,  by  feafoniaf  a  tonftant  Cunenttfettin^  to  the  Wmwaod  near 
the  Equator,  iiihere^Shipi  are  niany\tinra  long  detained  >byiGalnis,. 
whilft  the  Stream  carries  them  along  with  it  ^  yrhich  Thiqg  b^s  aU. 
Ships  bound  to  any  Part  df  the  Eaft  Coaft^qf  th^  South  Ammca.^ 
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ai^  26'  South. 

21  48 

21  5« 

24  45 

27  II 
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28^  14'  Weft. 

28  10 
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27  56 

27  17 
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06  23 
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'^4i^t^hamcAl  VL  The  moft  ufeful  ProjedUon  of  the  Sjpheric  Surface  of  Earth,  and 
^4iy\6  divide  Sei  for  Navigation,  is  that  commonly  calrd  MBrcator*s\  tho'  it's  true 
M^kSic  N^^"^  ^d  Conftruftion  is  faid  to  be  firft  demonftrated  by  Mr.  Jf^ngbt^ 
in  Merator'i  ^^  ^^^  C^fTfilion  cf  the  ErroTS  in  Navigation, ,  In  this  Projeftion  the  Mc- 
Projeaion.  ridians  are  all  parallel  Lines,  not  divided  equalfyj  as  in  the  common  plain 
-^ndthjKtlZ'  Chart  (which  is  therefore  erroneous)  but  the  Mnutes  and  Degrees  (or 
ftriftly,  the  Fluxions  of  the  Meridian)  at  every  feveral  Latitude  arc  pro* 
portional  to  their  refpeAive  Secants.  Or  a  Degree  in  the  prbjeAqd  Me- 
ridian at  any  Latitude,  is  to  a  Degree  of  Longitude  in  the  Equator,  as 
the  Secant  of  the  f^e  Latitude  is  to  Radius. 

The  Reafon  of  which  Enlargement  of  the  Elements  of  Latitude  is, 
to  counterbalance^the  Enlargement  of  the  Degfees  of  Longitude.  For 
in  this  Projedlion,  the  Meridians  being  all  parallel,  a  Degree  of  Lon- 
gitude at  (fuppofe)  60  Deg.  Lat.  is  become  equal  to  a  Degree  in  the 
Equator,  whereas  it  really  is  (on  the  Globe's  Surface)  but  half  as 
much,  the  Radius  of  the  Parallel  of  60  Deg.  (that  is  its  CoJineX  being 
but  half  the  Radius  of  the  Equator.  Therefore  to  proportlofi  t^  De- 
crees of  Latitude  to  thofc  of  Longitude,  a  D^rcc  (or  Elemental  Par- 
ticle) 


tion  of  that 
Line  to  the 
Carva  Cate- 
naria,  hj  Mr, 
J.  Perks,  n. 
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tkle)  in  the  Meridian,  la  to  be  as  much  greater  than  if  D^rce  (dt 
like  Particle)  in  the  Equator,  as  the  Radius,  bf  the  Equator  is  gfealer 
than  'the :  Hiding  of  the  Pkr^Iel  of  Latitude,  viz.  jts  Cfifibc. 

Let  the  R2idius.cz>  rq^re&nt  half  of  <he  Equator,  DM^itx  Arc  of  Fig,  214. 
<he  Meridian  ^  MS  its  Sine,  C^T  ics  Secant  \  then  i&C^S  <u)ua>  to  its 
Osfine:  and  C&i  CM::  CD  (»CJW>:  CJE,  that  i$,  «s  Oh 
fine  :.'to  Radius  : :  fo  is  Radius  v  to  Secant.  The  Cofines  being 
then,  in  this  Prc^eftion^  flq>fx>s.'daU  bqual  to  Radius,  or  Cwtiich  conaes 
to  the  fame)  the  !l^arallels  oif  Latitude  being  all  made  equal  to  the  £^ 
quatoc,.  the. Radius  of  the.  GQobe,  at  every  Point  of  Latknde,;  (by  th* 
precedent  Aiia^gy)  is  ftippofed  equal  to  the  Secant  «>f  Latitucfe^ 
and  coofeqxkiitty.  the  Elements  (Minutesy  6f^.)  of  the  Meridian  muft 
be  proportional  to  their  refpedtive  Secants.  <  t  ..  - 

The  Way  Mr.mighf  take*  for  nuking  his  Table  of  MsriMifndLPiarts^ 
is  by  a  continual  Addition  of  Natural  Secants,  beginmng  at  t  Mlnttte^ 
and  f6  pricceding  to  89  Dteg.  Dn  ff^ailis  (in  Phil.  Tn^ftfl  N^  176.^ 
finds  the  Meridional  Parriielonging:  to  any i  Latitude  hy.this&r/£f^  put« 
ting  S for  it&Natural  Sinev  wii;  S  4.  i,5  »  +.-^.+  *  -h  f  S'  +  i  S  ?  &o 
vhich  gives  tko  Merid.  Pmt  required. .  Hofc  to  find  the  &nie  mechani- 
cally by  Means  of  an  ea(Uy  conftruifked  Curve  Line,,  is^whai?  (  .Ihall 

torn  QiCWi.  .     •.  '       J    •  '  :.  :  ..  \  .  .     7  •; 

I.  Prieipard'  a  Rular  -l^Aof  a  convenient  Length,  in*  vrhi£hilietvi?a  Fig.  213. 
ipe  equjd  to "Shr Radius  of ^ the  intended Prajeftion...  To  the:Pointd  as 
a  Center^  (on  thfc  narrotKi^rEdge  of  tiife'Kalar)  fafteifi.^  littk  Pldtd-^. 
Whetl  «  i»  tight  to  theRifiarv  and  of  :a'£HameterralittJe^£Mre  tkan 
the.Tlucknefs  off  the  Rmlar;  Let  KH  (Hg^.  3L4.)  repfiefenDanoitlierioh^  Fig.  214. 
Rolar^  to^hachudliS.iti a  perpendicular  X^ne.    .Placer  tfa^. Rular :j^:fi 
tapojk  the  Liiic  J  Ri  widi  the  Center  of  the  Whwb  at  ^ .   Thek  with 
oitfi  Ha^d  Wdiiig  faft  t&  .'Rokr  Jt R,  :with.:the  other  Ha&l;:  ffide  tho 
£nd  R  of  the  Rular  A3  by,  the  Edge  -of -JT  J3  v  fo  wiQ  DheU&tie.Whcd 
wb  defcribe  on  the  Paper  a  Curve  Line  yiCB^  to  be  cDfttihisad;  as:fiur 
as  is 'cohvdnMnr/         '••'  -..'"c    '  ^    ■-'''^'  *^  '^     -  '    '     "■  -  •  •'»  -  -    •'' 

'.  »•  Haviiftg  drawn  the' Ctarrcu^O^,  •dr2wia:ftcaight:Lijie':iiL:fi'hy  thd 
Edge*  oF  dw^Rtili^ar  JCK'r  .-vrfiich  Line*  is  thf  Mcridiarr,  to;  be.  divided; 
aa<Eairt>  an  ACymptott  lathe  Curve  yfCB:      .  -  •  -;  :  / 

.  3.  lb fhisMbKidian^  ^oountipg  R  t^ bbthrPoint.of  its  InterfbfBoti 
widi  the  ^£quai&F,>  the. Point  anfweving  M  any.  Degree. of  Lstiiuob 
is  thus  found.  In  the  Fdr^ndicfilaffr-if  it^'  make  A  (?  actual -to :  thfcf 
Ckjke  of  Lacteirde  (Radi^*  being  JRj)mAftom  ^drzWi^Gij.  parallel 
taKRy  ^  intsifeftihgifae  Carvie.iii  £.:  .Wrih  Comker  .GLandi .Radius 
£^M3n'^'i{; :ftrikie -  aii  Arc^  <iuttin^  'th^  Meridian  at  Mk  ■&>.  ^  Mth^^ 
BointcdijftWdi  ■"'     J  '  ■  r-  \\    ' .    :  •::;  !!:'  -    'i  A:a  v:\\    '.•..!..! 

'4.  In^  «he^Cv]tt)a  i^C^y  iet^be^a^Pdritliiifi/dtdyn^^MQ  aiidC/mi 
(»CA<J)af Tangent  tr©.tHe Guri^  atf  ^t  it|ftkingthe.litricAngic  MG>»^     ^  ,,  ^  .^ 

hiifromAfto  ^ 01O  Draw  Ci)  equal  and  parallel  to  JR^  interfering        .uia  3 
VoL.IV.  Nnn  KR 


45  8  Tl^e  Nautical  Meridian  Line 

KRmS.  With  Center  C  and  Radius  CD  draw  the  Arc  Bii^  and  its 
Tangent  DE  and  Secant  CE. 

5.  Bccaufc  of  the  like  Triangles  CDS,  Mdm\  CD  :  CE::  MDz 
MtBj  that  is,  as  Radius  to  Seont  of  the  Arc  DM,  (whofe  Cofme  is 
CS:=:=GR^)  ::  fo  is  Afi  (s=s  iir  a  Degree  or  Particle  of  the  Equator  :> 
to  Mm  the  Fluxion  or  correfpondent  Particle  of  the  Meridian  Line 
R  M.  Whence,  and  from  what  is  premifed  concerning  the  Nature  of 
this  Nautical  Projection,  'tis  eyident»  that  KM  is  the  meridimal  Pan^ 
anfvering  to  the  Latitude  whofe  Cofine  isGR.  Or  thus ;  With  Cen- 
ter R  and  Radius  AR  de(cribe  the  QHadrant  Ak  ^  in  #hich  kt  the 
Arc  Ax  be  equal  to  the  given  Lat.  From  x  draw  x  C  parallel  to  JCjS^ 
and  interfering  the  Curve  19  C,  fo  is  Ch  the  Meridional  Part  dcfir'd» 
being  equal  to  jR  Af,  as  is  eafjr  to  fhew. 

,  6.  As  to  the  other  Properties  of  this  Curve,  'tis  evident,  from  its 
Conftru^pn,  that  :its  Tofigent  (as  CM)  is  a  Ct^ani  Line  every  where 
equal  toARi  the  Curve  teing  generated  by  the  Motion  of  the  Wheel 
at  the  End  of  the  Rular  which  is  its  Tangent.  And  from  henee  the 
Curve  ACB  may,  for  Diftindion,  be  callM  the  Ejmtmgintial  Curve. 

y.  The  Fluxion  of  the  Area  ARMC  is  the  little  Sedbr  or  Triangle 
MCd,  which  fame  is  alfo  the  Fluidon  oftheSe&or  CDM:  wfaeEte 
the  Areas  ^jRJlfC,  CDM^rt  equal,  and  the  whole  ArtaiACB^  icd 
.  KMR  being  infinitely  continued,  is  equal  to  the  Quadnuit  AFLeu 

S.  To  find  the  Radius  of  Curvature  of  any  Particle,  as  C  r,  Anom 
,C  oraw  an  indefinite  Line  CT  perpendicular  to  CM^  (on  the  Concave 
fide  of  the  Ciirve)  and  from  r  another  Line  perpendicular  to  ^  n^  which 
.  Lines,  (becaufe  of  the  Inclination  of  CM  to  ^m)  will  fomewhere  meet 
as  at  7*,  making  an  Angle  Cte  ss  MCm.  Thefe  Angles  being  equal, 
their  Radii  are  proportional  to  their  Arcs :  therefore,  Mdi  Cc : :  MCi 
Ct.  ButCc^dm  (becaufeof  CM^cm)  fo  that  Md:  dm{::  CD: 
DE)::CM:CT.  ButCD^CM,  thciefort  Cr«;JD£ :s=  Tangent 
of  the  Arc  DM.  :  - 

9.  So  that  fuppofing  ATt  a  Curve  Line,  in  which  are  all  the  Centers 
of  Curvature  of  the  Particles  of  AC B^  any  point  as  7' beiiig  found  as 
before^  the  Length  AT  (by  the  Nature  of  Evebaion  cf  Curves^)  is  every 
where  equal  to  the  Tafigent  of  its  correfpondent  circular  Arc  DAL  The 
Point  T  is  alfo  found  by  making  M  7^  perpendicular  to  RM^  and  equal 
to  the  Secant  CE:  for  fo  is  the  Angle  CMT=:MCD%  and  die 
Triangle  MC  T  equal  to  the  Triangle  CDE. 

10.  Let  A  Hi  be  an  Equilateral  Hyperbola,  whofe  Semiaxis  is  AR 
and  Center  R.  In  the  Meridian  let  JS  P  be  equal  to  the  Tangent  D  E^ 
Join^P,  and  draw  P Ha  yfP  and  parallel  to  ui£.  CompleattliePa- 
fallefegram  HNR  P,  fo  will  the  Point  H  be  in  the  Hyperbola,  and 

.  its  OxdmsittHNi=RP^DE^CT)  be  equal  to  the  Curve  ATi. 
^  mj  ^»iM  ^^"^  whence,  and  from  Prop.  3.  Cerett.  a.  of  DT.,Cregcrf%  Catemris 
Vh^lAPbiLTrMf.  N^a3i-t)itappcars,  that  the  Curvo^^/ is  that  called 
8..3«lfc,  ;.-.,..      the 


.9«:  MercatorV  PrtjeBum  divided.  4^9 

fhe^OMwii  or  Pmdctdariaj  viz.  the  Curve,  into  whofe  Figurt  9: JUuk 
Card  or  Chain  naturally  difpofes  its  felf  by  the  Gravity  of  its  Particles. . . 
^^  X I  •  Hence  we  hare  another  Property  of  the  Catensrm  not  hitherto 
^^  taken  Notice  of  (that  I  knoiw  of)  viz.  that  fuppofing/fil  (ait,  the 
*^  conftant  Line  in  Dr.  Gregory)  equal  to  the  Radius  of  the  Nautical 
'*  Projeftion,  and  it  JV  the  Secant  ot  a  given  Latitude,  then  is  N^  the  ■: . :; 
"  Catenaria^s  Ordinate  at  N^  equal  to  £  M  the  Meridional  Part  BXjXwet^ 
**  ing  to  the  Latitude,  whofe  Secant  is  RN. 

.  12.  That  ^vf  is  the  Catenaria  is  alfo  demonftrable  from  Dr.  Gr^ays 
firil  Prop.  Let  7* «  be  the  Fluxion  of  the  Ordinate  NT :  mA  i  u 
(»J\rji;  the  Fluxion  of  the  Axe  if  JV.  Then  bccaufe  of  like  Tri- 
angles rCJlf,  Tuty  CM:CT{=TJ)  :  :  r«  :«/,  that is^  as CAf  a 
conftant  Line  is  to  Tjf  the  Curve  :  :  fo  is  the  Fluxion  of  the  Ordinate 

to  that  of  the  Axe  (y  :  x)  according  to  Prop.  t.  Catenariit. 

i^  From  the  Premiiles  the  Conftrudion  and  feveral  Properties  of 
tiie  Caienma  are  eafible  deducible  ;  one  or  two  of  which  FU  fet  down. 

The  Area  AT  MR  is  equal  to  AOPR  a  Reftangle  contained  by 
Radius  AR^  and  ii  P  the  Tangent  anfwering  to  Secant  HP^ss  TM. 
For  becaufc  of  the  like  Triangles  CM  w,  CEei  CM.CEixMmi 
jKiy  (that  IS,  putting  r,  s^  /,  m  for  Radius,  Secant,  Tar^ent  and  t/it* 

ridional  Part  R  M)  r  loiimii  whence  r  /  ss  ^  m,  and  all  the  r  f 
as:  all  the  s  w,  that  i%AOPR  ^ATMR^  which  agrees  with  Dn 
Gngorfs  Cor.  5.  of  Prop.  7. 

14.  Suppofmgthe  former  Conftruftion,  let  be  added  the  Line  22  £f^ 
including  the  Hyperbolic  SeSor  ARH.  I  fay  the  fame  Seftor  is  equal 
CO  half  the  Reftangle  ^ ii itf  ^ cont^ed  by  Radius  ^£  and  the  Me- 
ridional Part  1?  M,  (={  r  w)  For  the  Seftor  yf  iJ  H  ss  Triangle /J  iST  i/ 
wanting  the  Semifegment  ANH^  The  Fluxion  of  the  Triangle  R  NH 

b  ii±ii.    The  Flusdon  of  ANH  n  t's.    So  the  Fluxion  of  the 
^ 

•  •  •  • 

Seftorifi^His^^^^^  ^ts^^^'^^\    'Tis  found  before  (Se^. 
22 

13.)  that  r  :  J  (j  :  — ^  : :  «i :  /  i  whence  j  /  s  ~  mi.    And  becaufe  of 

the  like  Triangles  C  2) £,  Efe,  CD  :  DE  : :  Efife.  But  £/=s 
Mm  =  m^  becaufe  both  Ef  and  Mm  are  to  Md  in  the  lame  Reafon^ 

tt      •    •  •      tt  • 

"^iz.  as  J  to  r ;  therefore  r:/(/:  —  ::M:i  :  whence  /  j  ss  —  m,  and 

T  T 

tt^ti      ^'j:^^-^M=:|rM,sthenttxiottofth«hypeii»U^ 

N  o  n  2  Se£U>r 
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i  *  1 5/  Tkisi  flievs  aiidther  Propeii^  of  the  CaUnma^  viz.  that  it  fquares 
tfaeiHypeiibkilii;  ibr  i^  Jlf  is  equal  to  JST?'  the  Ordifuite  of  the  Gate- 
HarisL  /!  •  ..j  ■  »     ; 
Fig.ti;.  i&  SlMAR  be  Radius,  AC B  the  EquitangentiaL Curve  ;  MRN 

its  Afyfn]]tote^  in  which  let  M^  JNT,  be  any  two  Points  equally  diftant 
from  R.  Upon  Af  draw  ML  parallel  to  AR  and  equal  to  the  Diffe^ 
Wice  lOf  the  Secant  and  Tangent  of  that  Latitude,  whofe  Meridional 
Bart  'n..R  M:{by  SiB.  ^,-4'.)  Upon  iST draw  iVO  parallel  to^iJ,  and 
equal  to  ^t'^Sum  fof  the  forefaid  Secant  and  TangcoL  Do  thus  froax 
aa  rhaily  Points' ia  the:  Af^mptote,  as  is  convenient,  and  a  Curve  drawn 
'^, >ec|aably'  through,  the  Points  Ir^A — 0,  &c.  will  be  a  Lagmtbmic 
Curve  J  whofe  Subtangent  (  being  conftant)  is^  equal  to  Radiusfyf^.  •  .  • 
".  .ij;  f^.ff^ljbe  a?  Ordinate  infinitely •  near  and  .paniiiel...to  NO, 
O^^'ffT  >^Jf  fihf  Flu34iQn  Off  the  Afymptote  ^  OT  the  Tangent^  and  T'Jf 
t^  Subtange^t  to  thie  tiogarith.  Curve  ip  0.    Then;i? p^.jf  Q::  O  jPfz 

jrWl  fiift'^fif  JV  =5  'iT'-f  A  therefore  op  x's +  LfOr^m  {Aa 
Flu^nf  of  th^  ^Jferiiiah  or  Afymptote.)  5o  the  Analog  is  s^^iimit 
*  Hh /.:  ^^:'  By-  S^^-  13;  14*  J  :  Jw  :  :  *  :  r.  alfo.  / j  m  t :  s  :  r.  ^ 
th?pce V  ^-  f:  fi: :  '.  +  ^^  ^r.  wherefcSre  is*  ^3*  (the  SufetaAgent  tb 
LAO)tquzl  to  Raditr's  'AR  a  conftant-  Line,  and;;  confcquently 'the 
Cvtpfp  L  AO  is  the. Logarithmic  Curve,,  and  its  Subtangent  luiOwn. 
'  1 8.  The  fame  Demonftra^tion  fcrves  for  L  M  (any  Ordinate  on  the 
cfther'Sxde  of  A.R)  only  changing  the  Sine  +  into  —  5  and  then-  it 
agrees  wi4i  Mr.  Jamsi^reg/iry*^  Prop,  s^pag.  17.  of  his  JSxHrcitati&m-^* 
viz.  T'kat  the  Nautical  ^Meridian  is  a  Scale  of  Logarithms  of  the  IXj^fe^' 
rences  whereby  the  iecanis  of  Latitude' exceed  their  refpeHive  TimgmH^ 
Radius  being  Umty.  So  here  iJ.  Af  is  tie  Logarithm  oi  MLj  the  Dif- 
ference of  the  Secant  iand  Tangentt)rmeLatitui(?e,'  whole  Meridional 
PartisjRM 

19.  Suppofing  the  precedent  Conftruftion,  if  through  any  Point  C 
of  the  CurVe  ACB'ht  drawn  a  njghf  Line  GCi^paTilltel  to  MR^  ter- 
minated with  the  Logarithmic  Curve  in  ^and  the  Radius  AR'mG: 
I  fay,,  that  .the  fame  right  Line  ff^G  is  equal  to  the  intercepted  Part 
of  the  Curve  Line -rfC.V  '     7  ^      '* ' 

20^  Let  te;^  be  a  Line  infinitely  neajr  and  parallel  to  /F  G,  and 
terminated  by  the  fknle  Lines  5  ind  C  5,  ff^  tr^  perpendicular  to  the* 
MwWian  j  C5  inte^fe^kifig'  wg  in  a?,  and  IT  (t  in  jt.  litC  M  bet 
a  Tangwt  to  ^C  in  C;  Wr  a  ^angent  to  AW  ia  ^;  fq  i$ 
&m.^-]Tr.  Becaufe'tff  lik^  Triangles,  C2J»r,.C5  Af  j  and /Fj^.oV 
Wtrry  t^:  CMiiCz:  Cc:  alfo  PTa:  (rrziWyi  yw.  But 
Wtr  =  C  S\  ar  r=zCM',  Cz=l1^y  \  therefore  is  j  v/  the  Fluxion 
c^  «'»;  equal  to C r,  the  Fluxion  of  the  Curve  AG.- -GonfcqueatJy 
GW^AC  i.e.d. 

3  au  It 
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•  91*  h  ma9rbe.^49fe4i  tte|ttbi^  E^kapgetitkl  Curve  gives  the  Qua- 
drature of  a  Figure  of  Tangeots  ftanding  pcEp^dicuiar  on  their  Ra^ 
divs^ '  I»  ^ij^  .ftJ4h  JW  4  >  f  bS'  a  Cui ve,. .  whofe  Ordinates  as  j^  >, 
G  r^  ar«  cqiwi;  a»  jthfj.TMgents  of  their  rc^ed^ivq  intercept  Arcs  Ak^ 
Ak.  Let  r  G  be  produced  to  toms^  cbe^QuuVp  A.C  in  (7;  then  is  the 
Area  AT  G  equal  to  the  Reftangle  contained  by  Radius  AR  and  G C 
ti»  pro4uced:  Pan  lof  i^e <)»^ipHtc  >.  or  ^  TG  r=^dR  xGC.  The ,  ,  •..  ,,_ 
Pempaftration,i9l  i^kli  and  of  the  ftf^loyfii^SeaiioM^  I  fqf  ^reyif]^        i.  a 

22.  If  we  fuppofe  the  Figure  ACB^  &c.  Jf  jR.f/'^,.  ^I40  inwfete* 
J^  coAtifiued,  ^  be  turned  about,  its-Afym{^^r^.iC  as  an|  Ax^.  the 
Solid  ^:geneiiite4:WiU  be  e<|t£al  to  arre&angl^  CoDe,  whofe. Altitude 
i|  ^q^ad  tp^  ^;jS^  I'-aM  i^  Cufve.  Surface  nRrill'  be  equal  to  half  t|ie  jSjui*- 
i^ of  ii-Glob6^]fvh0fe  Radius  i«  AJl  ,  So  chat  if  the  Curve  becontl- 
iui9d'^^/^tt'^infiiiiteIy:(a&JttN^tufe  requires)  the  whok  Surface,  wijt 
^  equal  to  db^tjQf  ;^  Gl4;^e  oS  the  {fame  Radius  4R-  . 
^  Th^  Deicripljiof^^'  the  Rirfarj  and.  Wheeti  Ffg^  jsi.3.  is  fufficient.fpr  Fig.  215, 
the  I)eBpQnftr)itioniof  the  Ff 6|)(BrtiQ!  of  the.  Gurv^;:  j3ut  in  or^er^  co-.an: 
si4^al  Cws^n^im^i^K  V^ith  have  i4de4i  ^^.-iaji*^'  vhei-e  ABi^aFig*  216. 
^fi^siRular  ^  ttib  the  litile'^V^hlpel,, which  cnqft  be  madejto movi^lfr^y 
and  tight  upon:  iis  Axe.  (lig^t  a  Watch-twheel).  the  Axe  being  exadily 
pei^pfndicubrly  to  the  Edge  of  the  Jlular..  s  repFefefitSra  httle  Screw- 
plti  to  fet  at  feveral,  pittances  for  .diflferent  Radii,  and  its  other.  End  is 
tp  Hide  by  thej£dg<  of  the  other  fix'd  Rulgr,  _^  i^  a  Stud  for  tli^  cm- 
yeiiJent  holding:  of  the  Rukrin  its  Motion,, 

.  N.  B.  Mo^  ofthJ^reperiM  of  this  ^Cxxtvt  hff  the  Nam  of  \^  Trtfftriqe, 
cfA ^ hf^mim ^ Mtmwp.of  M.  Bomie  amavg, ihofe  cffbeKoyii  Acar 
deaiy  ij^Sciepces  for  the  Tear  ijit ybut not  fuili/bed HU  1 7 1 5 i  Wbpreas 
tBk-'Papvr  ^f.M^^VttVs  was  produced  ieforitk^KijysA  Society,,i»  May 
it7ft4,  M  appe^j  lyi  their  Journal, .  .v-..:-     . 

Vn.  i,0  '^  bavelatdy  thwght,  of  a  new  Inftrument  for.df^fl^ing,^* 
Meridian  Line^  .it-'i^! ^y  in  its; Ufe,*  and  fyffi,€iejaifly  exad.  1 

.  T^kj^  the^Qnomon  of  m  horizonjcal  Dial  for  the  Latitude^  Qf  ^the  ^New  M'ay 
PJftcew  and  to  thtHypotbenufa  fi;t  .two  Sights^  whofe  Centena  m%^  be  ^/f^y"^ "" 
p#mHd  to  the-  ftdie  :  let  the  Eye-fight  be  a  faiall  Hola  j  but  ^hei  other's  ^^j^*"^^ 
oiiptnYetef  muft  fe^.  equal  to  the  ^Tangent  <>f  th/ei  dP^ble  Diftance,^  thes.  Gray,  n.' 
Natth-^Aar  fr^n^tht  Pole^  (tti^.J^ifteace  of  the.Sigbta  being  .n^e  ^^  ^68.  p.  763. 
Mi^Sn)  .  JLct  the  Scik  be  riveted  to  ithe  End  of  a  ftraight  Ruler :  When  . 
y«^  would  m^e-jufe  of!  it,.  Uy  itiii^;  jRular  on  an  horizopcal  Plane,  fo 
that  I  the  £mi  .to  :  which  die  ^StiW;  is  fix'd  iti^y  pyer*hang ;.  then  look  . 
tlirough  the  Eyeriigh^ '  tt)0vt9e(  itj^a  Inftrunient^  till  you:  fee  the  North- 
Stet^  appear:  to  flopob  the  GrcuniJVjfWieeof  the  Hob  in  the  other  Sight, 
Oft  lie, feme  Hand  with  the.GkdJe  c£  Caffiopsia  •,  or  on  the  pppofite 
.  Side,  to  that;  .wh&raa  the  S^afinr  Che  GffiJK  isb  ^  thac 

:    ;  Time: 
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Time :  then  draw  a  Line  by  the  Edge  of  the  Rtttar-,  and  it  will  be  a 
true  Meridian  Line,  as  it  is  eafy  to  denK>ni):rate« 

I  do  not  hear  that  any  of  the  Occultadoaa  of  AUAaram  by  dx 
Moon  were  obferv'd  laft  Year :  I  expe£kedieveral,  but  was  aiwjiys-Hn- 
dcrM  by  the  Weather  from  obferving  any,  '-: '—  » 

.— Mif^ifame      2,]    I  have  fent  fome  farther  Thoughts  upon  Ifie  Inftnunent  Smt 
hy  the  &ine.    drawing  a  Meridian  Line,  and  have  hmproved  it  fo  far,  that  no  odier 
B.  27<^  l^-8is-  J/ar  will  be  made  ufe  of  than  the  PcUr  one  to  obttun  the  Hour  and 
Minute  of  the  Day  or  Night. 

Let  there  be  uken  a  Telefcope  of  about  16  Foot,  or  loiter  if  you 
pleafe ;  in  die  Plane  of  its  Focus  place  a  Ring  of  Brafs  at  right  Angles 
to  the  Axis  of  the  Giafs,  the  Diameter  of  the  inward  Circle  equal  Co  the 
double  Tangent  of  the  Pole^Star's  Diftanee  from  the  Pole ;  the  food 
Length  of  the  Objed  Glafs  being  made  Radius,  as  wis  faid  in  the 
Defcription  of  the  Meridian  Inftrument;  kt  the  Ring  be  divided 
into  24  Hours,  with  their  Minutes  numbered  from  the  Right-hand 
towards  the  Left,  as  in  our  common  Noftumals ;  the  Eye  Glals  muft  be 
equal  in  its  Diameter  to  the  Horary  Ring  :  but  d^  perhaps  will  be 
thought  too  chargeable,  efpecially  for  fuch  la^  Telescopes  i»  I  am 
fpeaking  of,  which  has  m»de  me  think  of  this  Contrivance :  The  Eye 
G\9&  muft  lie  in  a  broad  Index  towards  one.  End,  this  is  to  turn  <» 
a  Center  Pin,  that  lies  in  the  Center  of  the  Glafs^  and  confequendy 
over  the  Center  of  the  Horary  Ring,  from  which  it  muft  be  equ^ 
to  the  Diftanee  of  the  Focus  of  the  Eye  Glafs  -,  then  let  the  Tube  be' 
elevated  to  the  Height  oS  the  Pole,  and  diredled  to  the  Pole-Star,  till 
by  turning  the  Index  through  the  Eye  Glafs,  you  perceive  the  Star  10 
touch  the  Horary  Ring  on  that  Side  the  Star  in  the  Gi^ai  Bior^s  Rmtf 
lies,  or  oil  the  oppofite  to  that  in  the  Hi(>  of  CaffiofM ;  but  on  the 
contrary,  had  not  the  Glafs  inverted  the  Objed,  then  bring  one  of  the 
twelves  to  be  in  a  Perpendicular  to  the  other  by  a  Plumb-line  -,  fo  will 
the  Star  ftand  at  its  Horary  Diftanee  from  the  Meridian ;  or  if  the  Lati* 
tude  of  the  Place  be  unknown  by  the  Right  Afcenfion  of  the  Sun  and^ 
Scar,  the  Time  of  its  coming  to  the  Meridian  will  be  eafily  obtained  ; 
and  then  die  Hour  of  the  Night  found,  will  as  eafily  give  the  Stir's 
Horary  Diftanee  from  the  Meridian  s  then  elevate  the  Tube  towards  the 
Star,  bringing  the  Meridian^  or  x2  and  12  into  the  Plane  of  the  Per* 
pendicular ;  turn  the  Glafs  about,  till  you  fee  the  Pole-Star  ftand  at  its 
Horary  Diftanee  from  the  Meridian ;  fo  will  the  Inftrument  when  &nd» 
(hew  the  Horary  Diftanee  throughout  the  whole  Dav,  or  as  long  ^s 
it  remains  in  this  Pofition,  by  the  ajpparent  Motion  ot  the  Star  in  the 
Ring.  The  beft  Time  to  fix  the  Imcrument  will  be,  when  this,  or  any 
of  the  other  two  Stars  above-mendoned,  are  about  6  Hours  from>tM 
Meridian.  It  is  to  be  obferv'd,  that  the  Ladtude  of  the  Place  is  now 
given  with  the  utmoft  Precifends :  for  the  Axis  of  the  Glals  lies  noWm 
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the  Alas  of  die  World  %  and  if  one  of  the  Sides  of  the  Tube  be  parallel 
thereto^  as  it  ought  to  be  at  the  upper  End,  hang  a  Line  and  Plummet 
from  the  Point  of  the  Sufpenfion ;  find  another  Point  equal  in  Diftance 
to  the  Length  of  the  Line,  or  a  Knot  towards  the  lower  £nd»  the 
Piftance  from  this  Knot  te  the  former  Point  will  be  but  the  Chord  of 
the  Latitude  %  and  if  from  the  fame  Edge  of  the  Index,  another  Line 
and  Plummet  be  hung  towards  the  lower  End  of  the  Tube,  thcfe  two 
L4nes,  when  at  reft,  will  be  in  the  Plane  of  the  Meridian* 

This  Inftrument  may  be  msAt  to  ihew  the  Hour  with  as  much  Fa* 
cility  as  a  Clock  or  Sun-dial,  if  the  Horary  Ring  be  made  to  move 
within  a  larger  fixed  one  ;  and  the  outward  Circle  of  the  former  be  di- 
vided into  the  Days  of  the  Month,  refpeft  being  had  to  the  Right* 
Aioenfion  of  the  Sun  and  Star  :  Then  by  bringing  the  two  oppofite 
i^oints  in  the  fixed  Circle  to  the  Perpendicular,  which  is  done  at  the 
fixing  the  Inftrument,  move  the  Circle  till  the  Day  of  the  Month  come 
to  any  of  tbefe,  and  the  Ring  is  reAified  for  that  Day  ;  and  if  the  Air 
be  clear,  yon  will  ice  the  Star  ftand  at  the  one  Time  ofthe  Day  on 
Night. 

It  may  be  objefted,  diat  in  a  few  Yearst  hf  the  Annual  Incmfe 
ef  its- Declination,  the  Pok-Star  will,  by  moving  in  a  lefler  Circle,  be 
brought  too  far  from  the  Edge  of  the  Ring,  that  the  exaft  Hour  and 
Minute  cannot  well  be  diftinguilh'd :  but  this  Inconveniency,  when  it  is^ 
one,  nuy  be  eafily  remedied  feveral  Ways ;  either  by  making  a  lefler 
Ring,  or  by  extending  a  fine  Thread  of  Silk  crofs  the  Ring,  till  it  cuts 
the  Star,  and  at  the  fame  Time  it  gives  the  Hour  ^  or,  which  will  yet 
make  this  Inftrument  commodious  for  other  Purpofes,  there  may  be 
made  an  Index  to  move  on  the  Center  of  the  Hour-wheel^  which  being 
brought  to  cut  the  Star  with  the  Edge  that  proceeds  from  the  Renter, 
it  will  at  the  fame  Time  cut  the  Hour :  And  now  we  need  not  be  foUi- 
citous  about  the  exafi;  Diameter  of  the  Ring,  provided  it  do  but  a. 
little  exceed  the  Diftance  of  th^  Pok-Star  from  the  Pole,,  the  focal 
Length  of  the  Glafs  being  made  Radius. 

N&.  FJamfteed  has  difcovered,  that  there  is  a  PataUaxis  of  the  Earth*s> 
Annual  Orbit  at  the  Pole-Star  of  about  40  or  45  Seconds ;  whereby 
the  Diameter  of  the  Star's  Parallel  is  greater  in  Juna  than  in  Decemier^, 
hf  about  I  Min.  a  Seconds ;  which  he  has  evinced  from  feven  Years 
fttcceflive  Obfervations,  whereby  the  Earth's  Motion  is  indubitably 
demonftrated,  as  appears  from  his  Letter  to  Dr.  If^allis  on  that  Sub* 
Jcft- 

Now  if  on  the  Edge  of  this  Index  there  be  dtawa  a  Scale  of  De- 
grees, Minutes  and  Seconds,  to  the  Radius  of  the  Glafs,,  we  (hall  not 
only  have  a  very  accurate  Inftrument  for  the  Hour,  but  be  fiimifhed 
with  one,  whereby  we  ftiall  fee  the  Truth  of  the  Earth's  Motioa  con- 
firmed by  the  Accefs  and  Recefs  of  our  Star  towards  and  from  the. 
Pole,  according  to  the  Earth's  Place  in  the  Eclipdck,  as  diat  learned 
Pedbn  has  difcovered  %,  and  that  not  only  when  the  Star  tranfits  the 

Meridian^. 
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Mertdiarr,  but  in*  clear  Air  at  anyTinw  of  the  Dtay)  dne  fliall  fekewife 
obferve  that  Annual  Increafe  of  th<<:]p4k-Star*ff  DteHiiStfoi),  cavfed  hf" 
tTie-Preceflion  of  the  Equinox. 

*  My  own  Obfervations  affure  mei  that  the  Pole-Star  may  be  feen  in 
the  Day  time  with  a  Telefcope  of  i6  F6c^  ;-  for  wkh  one  of  th» 
Length  I  faw  that  Star  oh  the  26th  <^  April  1 70! ,  fyom  4  d'Clock  k*  i8m 
Morning  till  7,  and  could  have  feert  it  longer,  had  not  Clouds  inter- 
pofed  ;  and  again  the  firil  oi'May^  I  did  not  look  for  the  Star,  tiH  die 
Sun  had  been  up  more  than  half  an  Hi&ur,  viz.  at  5  in  the  Morning, 
yet  I  foon  found  it^  and  faw  it  afterwards  as  oft  as^  I  pleafed,  till  half 
an  Hour  after  9  the  fame  Momtrtg ;  fo  that  I  doubt  hot,  this  Staf 
may  be  feen  in  a  clear  Day  throughout  the  whole  Year. 

The  Declination  of  the  Pole-Star  foi*  the  Year  1700,  is  87^  42'  51^, 
as  I  find  it  by  Ricciolus*fi  Catalogue  of  fixed  Stars,  in  the  Appendix 
to  Sir  Edward  Sherhoum^%  Sphere  of  ManiSus^  feff.  Hence  ki  Di- 
ftance  from  the  Pole  at  this  Time  may  be  affumed  2°  r  17.  the  focaf 
Length  of  my  Objeft  Gkft  k  15^  Foot  6  Inches,  fo  that  the  Diameter 
of  the  Ring  will  be  14  Inches^  and  84  hundredth  farts  of  an  Inch, 
which  is  the  natural  Tangent  of  the  former  Arch  x^  17' doubled- ;  a 
Circle  large  enough  to  be  dirided  into  Minutes  arid  Halves,  which  wilF 
be  ft)  magnified  by  the  Eye-Gkfsj  'that  it  will  be  eafy  to  diftinguifli 
the  Time  to  a  few  Seconds,       *      .     . 

it  is  true,  there  isTome  Piffkulty  m  fixing  up  thid.Inftrumeht;  tnd^ 
when  it  is  fo,  to^  keep  it  from  varying  from  its  drie  Pbfiticut ;  but  yer 
it  is  not  infuperabte :  But  for  fmall  Inftramenfe,  of  about  2  wj  Foot 
long,  there  cannot  be  a  more-  accurate,  eafyy-  and  expeditious  Way- 
than  this  for  drawing  a  Meridian  Line.  Bw  whether-  the  mtoy  Be- 
nefits that  may  accrue  to  Aftrononay,  do  not  make  thet  larger  one  wordi 
the  Charge  and  Trouble  of  comblcatiflg  it-,  I  leave  te  the  Confidera-* 
tion  of  the  Learned, 

jfflnftniment      VIIL  Among  all  the  Ways  contrir'd  for  ffddftig  the  Meridfen  o^ 

for  finding  the  ahy  Pfecc,  the  moft  commodious,  I  think,  is  an  Inftmment  erf"  Sip  €hr. 

Meridian.  By  WfenHj  or  two  of  Mr.  Gfoyh,  or  one  publilb*d  in  the  Appendix  of  a* 

£.  m'  ?o  1"  ^^^  ^*"*^  ^^^  ArHjici^l  Clockmaker-. 

p.  1578.  Sir  C.  Wrenh  Gontfrvance^  I  am  informed,  i^  tiais  :-  At  one  End  efa 

Rular,  erefta  Sight,  to  fee  the  Pole-Star,  ^c.  threugh.  At  the  other  End 
fet  up  two  Circles  of  fmall'  Wire,  one  within  the  other ;  the  EXametcr 
of  the  innermpft,  equal  to  the  doubled  Tangent  of  the  Diftance  of  the  . 
Pole-ftar  from  the  Pole,  the  Diftance  of  the  Sight  being  Radius;  and 
the  Diameter  of  the  outermoft  Circle,  equal  to  the  double  Tangent  of 
the  Diftance  of  the  ripxt  Star  to  the  Pole-Star,  fr6m  the  Pole.  Ybar 
Inftrumcnt  thus  orepared,  if  you  look  thro*  the  Sight,  and^  bring  dte 
two  Circles  to  the  two  Stars,  whofe  Diftances' from  Ae  Pble  Aey^re- 
prefent ;  a  Line  paffing  through  a  Sight  and  €ente^  of  die  Circfc^^ 
is  the  Elevation  of  the  Pole  :  and-t#oT16nib^lines  hungup,  etieover 
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the  Sight,  the  other  over  the  Center  of  the  two  Circles,  will  cxaftly 
lie  in  the  Meridian  of  the  Place- 

Mr.  Graf%  Contrivances  being  printed,  I  need  not  give  any  Defcrip- 
tion  of  them. 

The  laft  Inftrumcnt  is  what  I  have  made  ufe  of  for  feveral  Years,  and 
I  Would  recommend  it,  upon  my  own  Experience,  for  a  very  nice  Way 
to  find  the  Meridian  of  any  Place,  and  to  fee  the  Tranftts  of  the  Cele- 
ftial  Bodies  over  it,  whether  Northward  or  Southward. 

The  Inftrument  is  thus  made  of  Wood,  or  rather  Iron,  or  Brafs,  to 
endure  the  Weather,  without  fwelling  or  contrafting,  "viz.  Prepare  a 
fmall  flat  Iron  Bar,  C,  C,  at  each  End  of  which  rivet  on  two  upright 
Sights,  to  turn  ftiffly,  at  the  Joints  /,  /.  Let  one  of  the  Sights  f,  d^ 
have  a  Perforation  big  enough  to  fee  the  Pole-Star  through  it  •,  the  other 
Sight  tf,  by  a  very  fmall  Perforation,  to  fee  the  Sun  through.  Juft  be- 
hind the  Joints  fix  two  upright  Arms  C,  D,  and  C  D,  but  to  bend 
off,  fo  as  to  be  out  of  the  Way  of  the  Sights,  when  you  look  through 
them.  Thefe  Arms  ought  to  be  long  enough  for  the  Plumb-lines  to 
reach  the  Polar-Star,  on  the  one  Side ;  and  the  Sun  at  his  greateft 
Height,  on  the  other  Side,  when  you  look  through  either  of  the  Sights. 
The  Plumb-lines  therefore  are  Tangents  to  their  oppofite  Sights,  and 
their  Lengths  may  be  found  by  a  Table  of  natural  Tangents,  and 
making  the  Diftance  of  the  two  Sights  Radius.  Thus  in  the  Latitude 
of  Londofiy  if  the  Inftrument  be  two  Feet  from  Sight  to  Sight,  the 
Southern  Plumb-line  hath  need  to  be  near  four  Feet,  and  the  Northern 
Plumb-line  near  two  Feet  ten  Inches.  On  the  Tops  of  thefe  two  Arms, 
place  two  fmall  crofs  Pieces  D  E  and  D  £,  to  turn  with  a  Point  at  JD, 
which  crofs  Pieces  are  to  hold  the  Plumb-lines  E  F  and  E  F  and  to  turn 
oflF  and  on,  fo  as  to  bring  the  Plumb-lines  to  the  Sights  exaftly.  Place 
this  Inftrument  on  a  Fedeftal  H  to  turn  round  on  it  ftiffly  at  the 
Pin  G. 

Your  Inftrument  being  thus  prepared,  the  Way  to  Set  and  Ufe  it  is 
thus ;  plant  it  in  a  convenient  Place,  where  the  Polar-Star  may  be  feen 
by  Night,  and  the  Sun  by  Day.  When  that  Star  is  on  the  Meridian, 
is  the  Time  to  fet  this  Inftrument,  which  is  thus  to  be  done,  viz. 
Through  the  Sight  with  the  large  Hole  r,  J,  look  at  the  Pole- Star,  and 
turn  the  whole  Inftrument  about,  until  you  fee  the  oppofite  Plumb-line 
nicely  to  interfed  the  Pole-ftar.  Or  when  you  have  brought  the  Plumb- 
line  near  the  Star,  you  may  more  eafily  bring  the  Plumb-line  to  inter* 
fed,  by  moving  the  Sight  f,  dy  backward  or  forward,  at  the  Joint  I^ 
inftead  of  the  moving  the  whole  Inftrument.  And  that  you  may  more 
cafily  fee  the  Pole-Star  through  the  Sight,  let  the  Plumb-line  be  a  very 
fine  Cats-gut  String  or  Horfe-hair,  6ff.  And  if  it  be  white,  or  fome 
fuch  light  Colour,  it  will  be  the  better  feen,  with  the  Help  of  a  Candle 
fliining  on  it  by  Night,  when  it  is  necellary. 

The  Sight  r,  dy  and  oppofite  Plumb-line  being  thos  fet  in  a  direft 
Line  with  the  Polar-Star  on  the  Meridian,  it  is  manifeft,  that  the  In- 
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ftrumcnt  lietb  exactly  in  the  Meridian,  fo  as  to  fee  any  Star  on  the  Me^ 
ridian  to  the  North.  And  that  you  may  fee  the  fame  Southerly ;  the 
next  Day,  or  when  you  pleafe,  you  may  hang  up  the  Plumb-line  E,  F, 
upon  the  Southern  Arm  C,  2),  fo  as  that  the  Plumb-line  may  exadUy 
interfeft  the  Perforation  r,  d.  This  may  eafily  be  done  by  moving  the 
top  Joint,  with  the  Plumb-line  on  its  Crofs-piece  backward  and  for- 
ward, till  the  Plumb-line  hangeth  to  your  Mind.  If  the  Sight  with  the 
leffcr  Perforation  tf,  *,  be  not  exaftly  under  the  Northern  Plumb-liae, 
it  muft  be  brought  to  be  fo,  by  turning  the  Sight,  by  Help  of  its  Joint 
at  I ;  and  then  ail  the  Inftrument  is  fet  right,  fo  as  to  fee  the  Sun,  Moon 
or  Stars,  come  on  the  Meridian  towards  the  South. 

But  to  fee  the  Sun  tranfit  the  Meridian,  it  is  neceflary  to  guard  the 
Eye,  with  a  colour*d  Glafs,  or  a  Glafs  darkened  with  the  Smoak  of  a 
Lamp  or  Candle. 
JGh&toUok  Chufe  two  Pieces  of  Glafs  cut  into  the  fame  Size  and  Figure;  but 
j^^^  »/«//  take  care  they  do  not  refraft  vitioufly  5  which  may  be  known  by  moving 
the  Glafs  before  the  Eye.  If  the  Objefts  you  look  on  fecm  to  dance 
about,  the  GlaiTes  are  falfe  and  refraft ;  but  true  if  all  ieems  fteady. 
Smoak  one  of  thefe  Glafies  over  the  Flame  of  a  Lamp  or  Candle,  undl 
it  be  obicured  enough  to  take  oflF  the  Sun-rays  fufEciently,  but  not  fa 
as  to  darken  it  too  much.  This  may  be  feen  by  looking  upon  the  Sun 
with  it,  or  upon  the  Candle.  One  of  the  Glafies  being  thus  darkened^ 
Jodge  them  both  together,  and  fallen  them  in  a  little  Cafe  fit  for  the 
Purpofe»  with  the  unoaked  Side  innermoft,  and  an  edging  of  Card 
between,  to  keep  the  Glafies  afunder,  (o  as  that  the  Soot  may  not  be 
rubb'd  off,  or  difordered. 

*Tis  good  to  have  two  GlafiTes  thus  prepared,  one  for  a  flxong  Sun  y 
the  other  lefs  darkened,  for  the  Sun  behind  a  thin  Cloud,  Mift, 
or^  G?^. 

With  one  of  thefe  Glafies  held  behind^  or  before  the  Sight  ay  ^,  you^ 

nlay  plainly  fee  the  Sun  pafs. 

—thnfam        Inftead  of  an  intire  Inftrument,  prepare  only  two  Sights  (as  in  fig^ 

Injtrumut      ^\%.)  with  Perforations  as  before.  Let  thefe  Sights  be  nailed  or  fcrewol 

'^'^  '  down,  upon  the  Tops  of  two  Stakes  at  /,  /,  fo  as  to  turn  ftiffly  upotk: 

them.   The  Plumb-lines  (one  at  leaft)  may  be  hung  up  at  the  End  ot  an 

Fig.  ^18.      Houfc  (as  at  X,  Fig.  218.)  or  on  the  Bough  of  a  Tree  (if  the  Wind 

would  not  (bake  it)  or  any  where  you  fee  fit :  And  the  Sights  muft  be 

ftuck  up,  fo  as  to  bring  the  Pole-Star  to  interfedb,  and  all  be  performed»^^ 

as  hath  been  before  direded. 

This,  although  in  a  Manner  the  fame  with  the  Inftrument  before^, 
yet  is  more  convenient  in  ibme  Refpefts.,  ChieBy  becaufe  the  Plumb* 
lines  may  be  made  longer,  and  the  Sights  fet  farther  afunder,  than  in 
the  Inftrument  before  can  conveniently  be  done ;  which  is  fome,  altho* 
no  great  Advantage  for  feeing  the  Tranfits.  Alfo,  thefe  Sights  may  be 
smde  fo  light,  as  to  be  eafily  carried  about ;  or  they  may  be  eafily 
made,^  dc  imitated  in  any  Place  whece^ever  you  x:ome.^ 

To 
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To  know  when  the  Polar-Siar  comts  on  the  MaidioHj  the  Way  is  this ;  ^^  ^mwnvhut 
fubtraa  Ac  Right  Afcenjm  of  the  Sun  from  the  Righ  Afcerffiim  of  5^^^'^ 
the  PvU'Sf^n^j  the  Rjmainder  giveth  the  D^rees,  Minutes  and  Seconds  /^  MwidiaL 
when  the  Pole-Star  tranfits  the  Meridian  above  the  Pole.    Divide  thefe 
Degrees  by  15,  it  gives  the  Hours  \  and  every  Degree  under  15  mul- 
tiplied by  4,  gives  the  Minutes ;  and  every  Minute  multiplied  by  4^ 
gives  the  Seconds,  of  apparent  Time  of  the  Pole-Starts  Southing.     I 
icarce  need  fay,  that  it  comes  undei*  the  Pole  at  12  Hours  Diibnce, 
only  making  fome  fmall  Allowance  for  the  Alteration  of  the  Sun's 
Right  Jfcenfian  in  that  12  Hours  Time. 

But  you  may  fhorten  vouf  Labour,  by  ufing  Tables  of  the  Sun's 
R.  Afc.  in  TimSy  inftead  of  his  R.  Afc,  in  Degrees^  &c, 

If  the  Sun's  R.  Afc.  exceeded!  the  Pole-Star's,  add  360  Degrees,  or 
24  Hours,  and  then  fubtraA. 

The  R.  Afc.  of  the  Pole-Star  is  determined  by  Mr.  Flamfieed  to  be 
^  ii  4^  ofyiVw^,  Anno  1690,  and  the  increafe  of  its  R.  Afc.  in 
10  Years  i'  16^  of  Time.  Therefore  this  prefent  Year  1703,  the 
R*  Afc.  of  the  Pole-Star  is  o^  35  22^^  of  Time. 

Or  you  may  fee,  when  the  Pole- Star  cometh  to  the  Meridian,  by 
hanging  up  a  Plumb-line,  and  obferving  when  the  Thill  Horfe  in  Charleses 
ff^ain  called  Alieth^  comes  near  the  Line,  together  with  the  Pole-Star, 
on  one  fide  the  Pole ;  or  the  bright  Star  of  the  Third  Magnitude  in 
Qfficpeia^s  Thigh  on  the  other  fide>  as  is  reprefented  in  Fig.  219.  pig.  2tg. 

The  foregoing  Inftruments  may  be  fet  by  any  other  Star,  as  well  as 
the  Pole-Star.  But  the  Pole-Star  in  our  Northern  Hemifpherc,  is  mod 
convenient,  becaufe  it  maketh  but  a  fmall  Circle  round  the  Pole,  and 
therefore  moves  flower,  and  confequently  is  longer  in  trapfiting  the 
Meridian.  And  therefore  a  fmall  Error  in  Calculation,  or  a  little  Ex- 
pence  of  Time  in  fetting  the  Inflrument,  may  be  admitted. 

The  Ufes  of  thefe  Inftruments  are,  i.  You  may  fee  with  all  imagi-  The  UCes  0/ 
nable  Exaiftnefs,  when  it  is  Noony  even  to  i,  2,  or  at  moft  3  Seconds  tbe/s  In/iru^ 
of  Time.     For  you  may  fee,  when  the  very  Limb  of  the  Sun  toucheth  *«^*^^* 
the  Meridian,  and  whilft  all  his  Diik  is  pafling  it.    So  that  by  much  it 
exceeds  all  Sun-Dials  :  fo  far  that  if  you  once  ufe  this  Inftrument,  you   . 
will  be  ready  to  lay  afide  all  Sun-Dials  5  the  beft  of  which  (unlefs  we 
except  Mr.  Molineux*%)  can  never  Ihew  the  Time  to  one  or  many 
Seconds. 

Bat  befides  all  this,  anodier  vaft  Conveniency  is.  That  it  will// mofi 
ZjoHinJes.  Sot  that  there  is  tk)  Need  of  having  a  ftrift  Regard  to  the 
Elevation  of  the  Pole,  nor  any  Danger  of  Error  in  making  and  fetting, 
as  is  in  moft  other  Inftruments,  but  all  is  with  Eafe  wd  Certainty  per- 
formed.   Therefore, 

2dfyy  Into  whatf6cver  Place  you  come,  you  may  eafily  fee  the  Errors 
cf  the  San-Dials  there,  and  which  go  trudl,  and  which  faife. 

^dfyj  As  the  Sun,  fo  alfo  the  fix*d  Stars  may  be  feen  to  tranfit  the 
Meridmn,  whereby  die  Heur  of  the  Night  may  as  cxaftiy  be  known,  as 
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of  the  Day  by  the  Sun,  knowing  the  R.  Afc.  of  the  Scar  that  tranfits. 
For  (as  before  for  the  Pole-StM:)  fubtraft  the  R.  Afc.  of  the  Sun  from 
the  R.  Afc.  of  the  Star,  the  Remainder  converted  into  Time,  is  the 
Time  of  that  Star's  Culmination  or  Southing.  And  if  12  Hours  be 
added  or  fubtraiSted  (making  due  Allowance  for  the  Alteration  of  the 
Sun's  R.  Afc.  in  that  Time)  it  fheweth  the  eraft  Time  of  that  Star's 
coming  to  the  Meridian  Northward. 

4/i/y,  The  Hour  of  the  Day  and  Night  being  thus  to  i,  2  or  3  Se- 
conds, difcoverable  by  the  aforefaid  Inftruments,  I  doubt  not,  but  that 
'    they  may  be  ufcful  in  finding  the  exaft  Differencts  of  MaidianSy  either 
by  the  Eclipfes  of  Jupiter*  %  Satelliiesy  or  the  OccuUation  of  the  Fix'd  Stars 
by  the  Moon. 

I  do  not  pretend,  that  thcfc  Inftruments  are  any  othcrwifc  uieful  in 
finding  the  Longitude^  than  by  (hewing  the  exaft  Time  of  the  Day  or. 
Night ;  which  is  one  Thing  abfolutely  neceflary  in  this  Matter.  Nei- 
tlier  indeed  will  they  ferve  without  a  well  adjufted  Pendulum-Watch  or 
Pocket- Watch,  that  will  keep  Time  cxaftly  from  one  Obfervation  by 
the  Meridian- Inftrument  to  another.  Nor  indeed  are  they  ufefiil  on 
Shipboard,  but  only  on  Land,  where  they  remain  fix'd.  But  on 
Head-Land,  or  any  where  on  Shore,  they  may  be  ufeful  to  the  Sea- 
man :  And  indeed  (until  better  Difcoveries  are  made)  thefe  Meridian- 
Inftrunients  may  be  Ufe,  where-ever  long  Telefcopes  can  be  of  Ufe, 
for  feeing  the  Appulfts  of  the  Moon  to  the  Fui^d  SiarSj  or  the  Eclipfes 
of  Jupiter^s  Satellites  \  which  is  only  on  Land  :  Unlefs  (which  I  have 
thought  feafible)  a  convenient  ftanding  for  a  Man,  a  Telefcope  might 
be  hung  penduloufly  in  a  Ship,  which  (efpecially  in  a  calm  Sea) 
may  be  as  little  fubjeft  to  DifturJMnce,  as  the  Pendulums  of  Watches 
are,  which  will  reuin  their  Motion  at  Sea. 

^thly^  You  may  with  all  Exadnefs  continue  a  Meridian-Line  for  many 
Miles,  by  looking  through  either  Sight,  and  feeing  what  Objeds  are 
interfeftcd  by  the  Plumb-Lines. 

Of  a  Men-         IX.  Monfieur  Caffim  open'd  the  JJfembly  (of  the  Acadtmj  Royal  of 
dian  Line      Sciences^  Nov.  12.  1701.)  with  a  Difcourfe  containing  the  Obfervations 
drawn  thro"  fee  had  made  in  his  laft  Voyage,  with  a  Defign  to  determine  the  Paflag^ 
IS^^^^ated  ^^  ^  Meridian- Line  (taken  from  a  Point  in  the  Obfervatqry  at  Paris)  from 
ty  Mr.  Gcof-  ^^^  End  of  France  to  the  other.     In  the  firft  Part  of  this  Difcourfe,  he 
froy,  n.  278*  went  back  to  the  mod  ancient  Aftronomers,  and  recounted  their  Opi- 
p.  1097.        nions  of  the  Spheric  Figure  of  the  Earth,  and  their  Methods  to  know 
its  Dimeniion ;  and  then  proceeded  to  thofe  of  the  Modems.    Aad  in 
the  laft  Place,  he  related  the  Method  of  the  late  Monfieur  Picardy  of 
the  Academy  Royal^  as  the  moft  exa£b.     Then  he  fpoke  of  his  own  Ob- 
fervations on  the  fame  Subjed,  of  the  Ufe  he  had  made  of  the  SatelUta 
of  Jupiter^  more  fit  for  this  than  the  Eclipfes  of  the  Moon,  in  that  they 
are  more  frequent ;.  and  faid  that  his  Obfervations  had  been  confirmed 
by  the  like  made  in  China.    He  ihewed  the  Method  he  took  to  deter- 
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mine  the  Paflage  of  the  MeridiM  taken  from  a  Point  in  the  Obferva- 
tory  at  Paris.  By  the  Means  of  Triangles,  which  he  made  through  the 
whole  Courfe  of  his  Journey,  and  very  exadi:  Calculations,  he  deter- 
mined the  Place  of  this  Meridian,  and  marked  all  the  confiderable 
Places  through  which  it  pafied,  from  Paris  to  the  higheil  Mountains 
of  the  PyreneoHs^  which  feparate  Rouffilkn  from  Cataknia\  among 
thefe  Mountains  he  obferved  one  of  a  prodigious  Height,  it  being 
1440  Toifes  high.  But  the  moft  extraordinary  Obfervation  was  that 
of  the  Inequality  of  the  D^rees  of  the  Meridian  on  the  Earth ;  which 
is  fuch,  that  Monfieur  Caffifd  found  that  going  Southward  one  Degree 
furpaflbd  another  an  iootb  Part,  which  may  give  great  Reafon  to  doubt 
of  the  exa£b  Roundnefs  of  the  Earth.  Upon  this  Occafion  he  reported 
two  different  Opinions,  the  one  of  Monfieur  Nuygens  and  Newton^  the 
other  of  a  Mathematician  of  Sirajhurg  named  Etfenfcbmdius.  The  two^ 
former  hold,  that  the  Earth  is  flatted  towards  the  Poles,  fo  that  it  is 
fpmething  of  the  Shape  of  an  Holland  Cheefe :  Which  they  both-,  con- 
clude by  Phyfical  and  Algebraical  Deductions,  from  an  Obfervation 
made  at  Cape  Verd ;  that  the  Pendulums>  though  of  the  fame  Length,, 
make  their  Vibrations  there  much  flower  than  in  the  Northern  Coun- 
tries. The  other  Mathematician  holds,  that  the  Figure  of  the  Earth. 
is  Elliptique,  fo  that  it  is  ftretch'd  out  towards  the  Poles,  and  has  the. 
Form  of  an  Egg.  M.  d^m  left  the  Queftion  undecided.  The  Citio 
through  which  he  obfcrv'd  the  Meridian  of  Paris  to  pais^  are  Dunkirk^ 
Jmiem^  Jubigfrif^  BourgeSy  AuriUacy  RodeZy  Jlbj^  and  Carcaffiom. 

.  X.,  A  Paper  Omitted. 
Guilielmi  Mujgrave  Regiae  Societatis  Socii  de  Britannid  quondam  11.352.^.589, 
Pene-lkfuldy  Diflertatio.- 


Chap.  VII. 

M  u  s  I  a 

*     • 

I.  T  TAving  made  the  Trial  of  a  Mufical  Experiment  before  the  5^-  The  Theory  of 
JLX  ^^^O'j  I  ^*^^  8*^^  *  farther  Account  of  it  -,   that  the  theory  of  Mufic  reduced- 
Mujicy  which  is  but  little  known,  in  this  Age,  and  the  Pradice  of  it '^  Arithmeti- 
which  is  arrivM  to  a  very  great  Excellency,  may  be  fixed  upon  the  fure  mctrkll  Pro* 
Foundations  of  Mathematical  Certdinty..  portions,  iy' 

The  Propofitions,  upon  which  the  Experiment  was  admitted,  were ;  iWr.  T.  Sal- 
That  Mufic  confiil^  in  Pr&portions^  and  the  more  exaft  the  Propor- °>^"-  °* 302. 
tions^  the  better  the  Mufic :  That  the  Proportions  offered  were  the  fame  P*  ^^7^' 

that 
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that  the  Ancient  Gmians  us'd :  That  the  Scries  of  Notes  and  hsiS  Noter 
was  the  fame  our  Modern  Mufic  aimed  at :  Which  was  there  exhibited 
upon  Fingerboards  calculated  in  Mathematical  Proportion.  This  was 
demonftrated  upon  a  Viol,  becaufe  the  Strings  were  of  the  greatcft 
Length,  and  the  Proportions  more  eafily  difcern'd ;  but  may  be  ac- 
commodated to  any  Inftrument,  by  fuch  mechanical  Cootrivances  as 
fhall  render  thofe  Sounds,  which  the  Mufic  requires. 

To  prove  the  foregoing  Propofitions,  two  Viols  were  Mathematically 
iet  out,  with  a  particular  Fret  for  each  String,  that  erery  Stop  might 
be  in  a  perfeA  Exa&nefs :  Upon  thefe,  a  Sonau  was  performed  by 
Mr.  Frederick  and  Mr.  CMJHan  Siefkins  i  whereby  it  appeared,  that  tfaie 
Theory  was  cettain,  fince  all  the  Stops  were  owned  by  than,  to  be 
perfed.  And  diat  they  might  be  prov'd  agreeable  to  what  the  beft 
Ear,  and  the  beft  Hand  performs  in  nuxlerA  PraAice ;  the  famous  Ita- 
Ran^  Signor  Gafperiniy  pkiy*d  another  Sonata  upon  the  Violin  in  Conibit 
with  them,  wherein  the  moft  compleat  Harmony  was  heard. 

The  full  Knowledge  and  Proof  of  this  Experiment  may  be  found  in 
the  two  following  Tables,  wherein  Mufic  is  fet  forth,  firft  Aridimeci^- 
cally  and  then  Geometrically :  The  Mathematician  nuy,  by  caftii^  up 
the  Proportions,  be  fatisfied  that  the  five  forts  of  haif  Notes  here  (ec 
down,  do  exaAly  conftitute  all  thofe  Intervals,  of  which  our  Mufic 
does  confift.  And  afterwards  he  may  fee  them  fet  forth  upon  a  Mono- 
chord,  where  the  Meafure  of  all  the  Notes  and  half  Notes  comes  exaftly 
to  the  middle  of  the  String.  The  Learned  will  find,  that  chefe  aiae  the 
very  Proportions  which  the  old  Greek  Authors  have  left  us  in  their  Wri- 
tings, and  the  praftical  Mufician  will  teftify,  that  thefe  are  die  beft 
Notes  he  ever  heard. 

fbe  Explicaticn  of  the  Firft  TMe. 

Between  the  two  loweft  Lines,  you  have  the  Series  of  all  the  it  half 
Notes  in  an  Odave,  from  Ar^  to  A^Mxur^  which  added  together  make 
an  Odave  or  exa6l  Duple  Proportion :  The  feveral  Parts  alfo  added  to- 
gether make  all  thofe  Intervals  of  which  it  isconftituted.  As  for  Ex- 
ample, the  two  half  Notes  from  A  to  A  ])ic  {{,  and  from  A  ^  to  B{f 
xnskt  a  Major  Tone  | ;  to  which  if  an  Hemitone  from  B  to  CtS  be 
added,  you  have  a  Icflcr  Third  J. 

In  fike  Manner  between  the  two  next  Lines,  you  have  the  Series  of 
all  the  12  half  Notes,  in  an  Oftave  from  Cfa  ut  to  C  folfa  ut:  The 
two  firft  Tones  added  together  make  a  greater  Third  :  And  (b  you 
may  add  a  Tone  or  Hemitone,  till  you  arrive  at  every  Interval  in  the 
Odave,  which  is  fo  calPd,  becaufe  eight  Sounds  are  required  for  ex- 
preffing  thofe  feven  gradual  Steps,  whereby  we  commonly  afcend  to  VL 

It  may  be  alfo  pbferved,  that  the  ProDOftions  fajlifig  upon  the  fiune 
Notes  in  two  Keys,  one  Finger-board  will  be  fuflkiefit  for  both. 

It  is  acknowledged  by  all  that  are  acquainted  either  with  Speculadre 
or  Practical  Mufic,  that  every  Interval  is  divkied  into  f  wo^  Pans,  wher»- 
of  one  is  greater  than  the  other :  An  Eighcli  j  into  a  Fifth  |  and  a 
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Fowth  4.  Ag^>  »  Fifth  I  into  a  greater  Third  ^  and  a  Icfler  Third 
(.  Thw  alfo  4  greater  Third  |  muft  fae  divided  into  a  Tone  Major  I 
and  a  Tone  Minor  ^  The  l^er  Third  (to  comply  with  the  Pvajftice 
of  Muiic)  is  rather  compounded  of,  than  divided  into  a  Tone  Majop, 
I  and  an  Hemitone,  which  is  its  Complement,  j{. 
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Three  Tones  Major,  two  Tones  Minor,  and  two  of  the  aforefaid 
Hemitones,  placed  in  the  order  found  in  the  Scheme,  exaftly  confticuce 
the  praftical  Oftave ;  which  is  fo  call'd,  becaufe  it  confifts  of  eight 
Sounds,  that. contain  the  feven  gradual  Intervals;  But  it  is  alfo  ne^ 
ceflary  to  fet  down  the  Divifions  of  the  whple  Tones,  which  are  the 
true  Chromatic  half  Notes,  becaufe  there  is  great  Ufe  of  them  in  Pra- 
£):ical  Mufic. 

To  make  aU  our  whole  Notes,  and  all  our  half  Notes  of  an  equal 
Size,  by  falfifying  the  Proportions,  and  bearing  with  their  Imperfe- 
Aions,  as  the  conimon  Praftice  is,  may  be  allowed  by  fuch  Ears,  as 
are  vitiated  by  long  Cuftom :  But  it  certainly  deprives  us  of  that  fatis- 
fadory  Pleafure,  which  arifes  from  theExaftnefs  of  fonorous, Numbers; 
which  we  fhould  enjoy,  if  all  the  Notes  were  truly  given  according  to 
the  Proportions  here  affign*d. 

It  is  very  eafie  to  fatisfie  our  felves  in  the  Arithmetical  Scheme,  by 
thofe  Operations,  which  Gaffendus  has  fet  down  in  his  ManuduSian  to 
the  Theory  oi  Mujic^  Tom.  V.  pag.  635.  As  for  Example,  his  Rule  for 
Addition  is.  That  two  Proportions  bdng  given,  if  the  greater  Number 
of  one  be  multiplied  by  the  greater  Number  of  the  other,  and  the  leffer 
by  the  leffer,  the  two  Numbers  produced  inhibit  the  compounckd  Pro- 
portions.  Thus  take  a  Praftical  Fifth  \  and  a  Praftical  Fourth  \  for  the 
two  Proportions  given,  multiply  3  by  4  and  you  have  12  r  then  mul- 
tiply 2  by  3  and  you  have  6 :  which  compounded  Proportion  of  12 
to  6  makes  the  Praftical  Qftave  \, 

Thus,  according  to  his  Arithmetical  Operations  of  Addition,  Sub- 
traftion,  Multiplication,  of  Continuation  and  Divifion,  is  our  whole 
Syftem  proved,  which  for  the  more  eafy  Application  to  Pradical  Mu- 
fic, (hall  be  alfo  fet  forth  Geometrically  upon  the  fix  Strings  of  a  VioL 
The  Explication  of  the  Second  Table. 

Thefe  fix  Lines  reprefent  the  fix  Strings  of  the  Viol  in  the  commoD 
Tuning. 

The  founding  Part  of  each  String  from  the  Nut  to  the  Bridge  is  fup- 
pos*d  to  be  30  Inches  long ;  the  two  middle  Strings  C  and  E  are  drawn 
out  to  1 5  Inches,  the  half  of  the  whole. 

.  'Tis  eafie  to  meafure  every  Interval  with  a  Pair  of  Compaffes.  Sup- 
pofe  you  are  to  take  the  loib  Part  of  the  String  G ;  *tis  an  Inch  and  a 
half  for  the  firft  half  Note  •,  if  you  take  the  whole  Note  from  G  to  A, 
'tis  the  tenth  Part,  and  muft  be  three  Inches. 

After  thefe  are  taken  away,  your  String  will  be/but  27  Inches,  long, 
fo  that  if  you  advance  one  Note,  or  a  Major  Tone  further,  you  muft 
take  a  ^tb  Part  of  it,  which  will  be  three  Inches  more,  whereby  you  ar- 
rive at  a  greater  Third,  being  the  fifth  Part  of  the  whole  String.  Thus 
the  Series  of  all  the  Notes  may  be  demonftrated.  ' 

All  the  Strings  are  Unifon  at  the  Stops  where  the  tuning  requires : 

So  that  thougfi  the  Proportions  be  carried  on  as  far  as  the  Frets  allow,  yet 

the  String  is  open  the  fame  with  the  Stop  of  that  String  to  which  ic  b 
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tuned  \  aod  accordingly  the  Series  of  the  Notes  proceieds  is  ]f  tfae^ 
were  all  upon  a  Monochord. 

This  Calculation  ferves  but  for  two  Keys  A  and  C,  which  are  called- 
Natural)  becaufe  they  have  no  effentiai  Flats  or  Sharps. 

But  becaufe  the  Compofer  begins  upon  any  Kay,  and  the  Series  of 
Notes  nuift.ukc  its  tirmms  i  quo  from  thence ;  the  Inftrument-maker 
can  provide  fuch  moveable  Finger-boards  as  will  ferve  exaftly  for 
every  Kty.  They  are  taken  out  and  put  in  upon  the  Neck  <k  the  Viol, 
with  as  much  Eafe  as  you  pull  out  and  thruft  in  the  Drawer  of  a  Table. 
Three,  or  at  moft  five  of  them^  will  be  fufficient  to  accommodate  all 
the  Keys  that  are  made  ufe  of. 

This  Mathematicalfixing  of  the  Frets  enables  every  Pra£^icioner,  who 
ftops  clofe  to  them,  to  give  the  Proportions  of  the  Notes  in  a  greater 
£»siftnefs,  than  can  be  done  upon  the  Bafs- Violin,  or  Violin  itfelf: 
Since  they  may  be  fet  forth  more  perfeftly  by  a  Pair  of  Compaffes  di- 
viding a  Line,  than  the  niceft  Ear  can  direft.. 

Though  the  Frets  for  the  feveral  Strings  do  not  ftand  in  a  ftrmt  Line, 
and  the  Places  are  alfo  fhifted  in  different  Keys,  yet  the  Ear  naturally 
direAs  the.Fingers  to  them ;  infomuch  that  thofe  Perfons,  who  have 
all  their  Lives  Time  been  accuftom*d  to  ftop  upon  Frets,  that  go  quite 
at>fs  the  Finger-boards  of  their  Inftruments,  do  with  very  little  Prac- 
tice fall  ri^t  upon  thefe.  Such  is  the  Power  of  a  mufical  Genius^ 
as  may  be  undeniably  proved  by  thofe  that  play  upon  the  Violin  ;  who^ 
when  they  change  the  Key,  fall  upon  the  right  Stops,  though  they 
have  no  vifible  Diredion  where  to  ftop,  nor  Time  to  alter,  by  the 
Ear,  the  Note  they  firft  pitched  upon. 

By  this  Standard  of  Regular  Proportions  may  the  Voice  be  formed 
to  fing  the  pureft  Notes ;  they  are  all  the  fame,  in  Vocal  and  Inftru* 
menul  Muuc ;  if  then. the  Inftrument  which  governs  the  Voice  be  per- 
fed,  the  Ear  will  of  Neceffity  bring  it  to  Pcrfeftion.  It  is  pity  that  a 
good  natural  Voice  fhould  be  taught  to  fing  out  of  Tune,  as  it  muft  do, 
if  it  be  guided  by  an.imperfeftlnftrument;  and  this  may  be  the  Rea- 
fon.why  fo  few  attain  to  that  Melody,  which  is  fo  much  valued  ;  bgc 
fince  we  now  know  wherein  Perfedkion  lies,  a  conftant  PraAice  will 
come  to  the  Attainment  of  it.  The  dividing  Wholes  into  Chromatic 
Hcmitohes  is  very  neceflary,  but  very  difficult  for  the  Voice  to  be: 
broken  to :  If  it  learns  from  an  Inftrument  whofe  whole  Notes,  and 
whofe  half  Notes  are  fuppofed  to  be  equal,  the  Sound  muft  needs  be  very 
uncertain  and  unharmonical;  whereas  the  Proportions  truly  fixed,  would 
bring  it  to  a  Perfeftion  in  the  niceft  and  moft  charming  Part  of  Mufic. 

The.ChromaticHemitones  are  the  fmalldt  Intervals  our  modern  Mu^ 
lie  aims  at,  though  the  Ancients  had  their  Enharmonic  quarter  Notes» 
which  they  efteem'd  their  greateft  Excellency :  Thefe  may  alfo  in  Time 
berecover'd,  fince  we  know  their  Proportions;  for  as  the  Diatonic 
Tone  is  divided  into  Chromatic  Hemitones,  fo  after  the  fame  manner 
may  the  Chromatic  Hemitones  be  divided  into  thoie  leaft  Enharmonic 
Intervals,  which  were  ever  made  Ufe  oL    But  if.  we  go  no  further. 

Vol.  IV.  P  P  P  yet 
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yet  th!s  Experiment  detnonftrates  the  true  Theory  of  Mofic,  and  briagi" 

the  Prafticc  of  it  to  the  greateft  Pcrfeftion* 
OfthiJnciita     11.  Reading  over  lately  the  fbird  Ode  of  the  Fourth  Book  of  Horace^ 
Greek  W    ^hich  Scaliger^  Dacier^  and  the  reft  of  the  Critics  and  Coonmentatora  fo 
w^affiim'  much  admire,  I  hit  upon  a  Paffage,  which  I  think  none  of  them  (aod 
in  Horace  #jr- 1  have  examin'd  the  Chief)  have  clearly  explatn'd*    The  Ode  begins : 
flaittdlrfDr.  ^im  tu  Mdfommt^  &c. 

T.Molyncux,     The  Paffage  I  fpcak  of  is  this  j 

^267''^"^  OreftudimsAuri^ 

Dnlcimquitftripihm^  Pieri^  iemferasl 

O  Mutts  quoque  Pifciius 
Dtmatura  Qfgni^  fi  Itbeat^  fonum! 

At  firft  it  feem'd  to  me  a  wild  Rant,  or  extravagant  Whim  for  ASk 
race^  fo  great  a  Judge  and  Mafter  in  the  Art  of  Poetry,  fo  particularly 
remarked  for  his  Propriety  of  Thought,  in  fo  laboured  and  exquificea 
Poem,  to  fay  that  his  Mufe  could  give  even  to  Miae  Fiflks  the  melo- 
'  dious  Voice  of  the  Swan  ;  I  lopk'a  upon  the  Fancy  as  perfedly  forc'd 
and  groundlefs,  founded  upon  nothing  that  was  real  or  true  in  Nature: 
But  upon  a  fecond  Confideration,  I  fancied  this  might  be  the  Meamng 
crf'the  Paflage  I 

That,  after  he  had  in  the  Verfes  going  before,  acknowledged  how 
much  he  was  indebted  to  the  Bounty  of  his  Mufe,  he  here  makes  a 
fudden  Exclamation  to  extol  her  great  Art  and  Myftery,  who  by  mix- 
ing various  Notes,  couki  compofe  fuch  fweet  Hvmony  on  the 
Gildii  LjTi  or  Ttjtudoy  and  by  her  fuiprizmg  Power,  could  give  even 
to  Atuie  Fijhes^  or  the  hollow  Shelte  of  the  Teftudiwes  AjmHc^  or  fViUer 
TerioifiSj  (a  Sort  of  Filh  of  which  I  imagin'd  they  made  xhtir  Lyres  in 
old  Times)  the  fweet  Melody  of  the  Swan.  As  for  the  GomparUbn  n> 
the  Voice  of  a  dyif^  S^an^  though  diat  be  a  Fiftion,  yet  a  Vulgar  £r* 
ror  univcrCdly  embraced,  was  ever  fufficient  Authority  for  a  Poet  or 
Orator  to  draw  from  it  a  Compariibn  or  a  Simile. 

This  put  me  upon  feaixrhing  for  Matter  of  Fa6fc,  whether  or  no  the 
ancient  Lyre  was  made  of  the  Shell  of  aTortoife ;  and  looking  into 
ancient  Authors,  I  find  tlu^  it  was  a  currem  Piece  of  Hiftory  generally 
received  atnong  the  Ancients,  thax.  Mercury  was  the  firft  Inventor  of  the 
Lyre  (whenbe  Horace  in  his  lethOde  of  the  ill  Book  flyles  him  Cearv4t 
Lyra  Parentem)  and  that  he  made  it  of  the  Shell  of  a  dead  Terim/e^ 
iK^ich  he  accidentally  found  on  the  Banks  of  die  River  Nile.  Out  of 
many,  I  will  produce  two  Teftimonies  to  this  Purpoie  ; 

Nfca»der^  who  wrot«  above  too  Years  before  Herace^  in  his  jOexipbgr-' 
maca^  fpeaking  of  Antidotes  proper  againft  the  Poiibn  of  the  Salamam^ 
iery  recommends  both  the  Sea  and  the  Mountain  Tortinfe  ia  thefe  Wwds» 
^AfjifJyJ'm-eLhicHO  xaST^\n'iS4yTa  X^M^m 

''A  AA€rr€  «r'  iu^mm  xxnta-nvlfiS^  nv  r  eexatVcnl* 
AjQAQy^  ctyxMfCcg  ^  4im  tsra^ireiveck  ^i^ai^  Thus 
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Thws  turn'd  by  Joannes  Gcrram^ 

Cum  curvd  auxilio  veniunt  Teftudins^^-^ 

!^u^  Pilapfiu8u5  vebcibus  innatat  alU^ 

Aut  mntana  itiam  Cytifo  qua  vffdlur^  ^  quoM 

Reddidit  e  mufa  modulanti  voce  canoram 

Mtrcwrius^  pi£lo  infontis  qui  Coriice  camem 

Exemii^  geminumq\  Ancona  itUendit  in  ori^, 
Crroiuu^  in  his  Treatife  de  Vinenis  in  the  Chapter  de  Satamandrn^  pag, 
np.  giveaus  a  Comment  on  tfaefe  Verfes,  and  relates  at  large  the 
HiAor/  of  the  firft  Lyre^  but  I  cannot  bu(  take  Notice  chat  this  Verfe 

fieddidit  0  muta  modukmi  voce  canoram^--^'h  (o  home  and  ap« 
pofite  to  our  Purpofc,  and  comes  up  fo  clofe  to  Horace*^  Thought, 
O  mutts  quoque  Pifcibus 
Donatura  Cjgni  Jl  libeat  fonum^ 
that  it  does  not  only  explain  the  true  Meaning  of  it,  but  makes  me  in- 
clinable to  believe,that  Horace  might  have  in  his  View  this  very^PaiTage^ 
iRThich  he  ieems  alfo  again  to  allude  to  (though  not  fo  fully  aiid  expref- 
ly)  in  his  ii th  Ode  of  the  ^d  Book,  where  he  invokes  his  J^^yre, 
^uque  T^udo  refonare  feptem 

CalUda  neruiSj 
Nee  Loquax  olim  nequi  graia  — 
The  other  Inftance  is  from  one  of  Lucian^s  Dialogues,  whp  writ  abpve 
«  hundred  Years  after  Horace ;  whence  'tis  plain  thq  Mechanifm  of  the 
imcienc  Lyre,  and  the  Opinion  concerning  its  firft  Invention,  prevailed 
iince»  as  well  as  before,  Horace^ %  Day^.  In  this  Dialogue  he  introduced 
JpoUo  and  VuUan  talking  after  his  jocofe  wav  oi  Mercury  to  this  Purpofci 

Ap.  Teftudinem  morfuam  alicubi  offenaens  Inftrumentum  ex  ea  concinna'^ 
vit^  Bracbia  emm  adaptans  Jugum  oppofuit^  deinde  Clavos  ifffigens^  &  Ha- 
mifpbarium  repandum  infra  fubjiciim^feptemCbordasextendehat^  atq\  modula- 
katur  quiddam  valde/onontm^  0  Vulcane^  ^  ad  Msjfica  Melodiam  compojiium. 
.  Bg.  ^%o.  iscaken  from  Father  Merfenms  (Lib.  i.  i^In(trumentis,^.7.)  pig.  22c; 
which  he  tells  us  he  copied  from  the  Sculpture  of  an  antique  Gem,  that 
bdoog^d  to  one  Jacobus  GaffariUus.  A^  A%  ihew  the  tamx^^  o(  Lucian^  the  > 
^AywiVfS  Qt  Bracbia  of  Nicander^  made  of  the JHU>rns  of  fome  Beaft.  B 
the  7^y^^  or  Jugum^  m  which  were  faftened  the  KoiPic^fjLoi  Clavij  Pegs  that 
raiied  of  depreft  c^  c,  the  y(^ciAi  or  Strings,  which  were  fix'd  at  their 
t'other  End  tp  D  the  jMydS'm  Hemifpbartum  or  Belly :  This  is  very  like 
Figfore  221.  which  is  an  entire  Teftudo  Aquatica  or  rather  FluviatUis^  ta-  pif,  221* 
ken  from  Jobn^onus  de  Animatibus  as  delineated  in  his  eightieth  Table  de 
^uadrupedibus ;  making  Allowances  for  their  different  Pofture,  one  being 
reprefented  full  and  flat,  whilft  only  half  of  the  other  appears  becauie 
*tis  ihewn  fide-ways* 

Ppp  %  Th« 


476  Of  the  Ancient  Greek  and  Roman  Lyrt. 

Fjg.  220.  The  Belly  of  Merf€n$mf%  Lyre  markM  A  agrees  nicely  in  Figure  and 

Pig.  22 1 .  Shape  with  the  Back  or  Shell  of  Jobnftonus^^  Te/iudo  Aquatica^  mark'd  £. 
They  are  both  curioufly  teflelated,  checkered  into  Areas  or  Scales  F,  F, 
F,  Fy  Fy  F,  of  fomewhat  a  Square  Figure  -,  and  each  of  thefe  Scales  again 
in  both  is  neatly  wrought  about  thdr  Edges  with  a  Line  running  paral- 
lel to  their  Mai^ins  g^  g^  g^  g^  g^  g  \  and  the  Shell  of  the  Ly«,  as  that  of 
the  Tortoife,  terminates  in  a  narrow  Limb  or  Verge^  cut  into  fmaller 
Scales  b^  by  by  by  by  b  incompafling  the  whole :  fo  that  both  thefe  Fi- 
gures, though  drawn  by  different  Artills,  perhaps  at  two  thoufand  Years 
Diftance^  do  manifeftly  own  the  Lineaments  of  the  fame  natural  Original 
Paufanias  too  in  his  Defcription  of  Greece  (as  I  find  it  quoted  by 
Geftier)  mentions  a  Mountain  in  Arcadia  called  Fartbenius  Nbnsy  qm  7W 
ftudines  exbihet  ad  ctmpingendas  Lyras  aptiffimas ;  and  in  another  Place,  Ar* 
cadum  ^erceia  ingenti  magnitudine  Teftudines  exbibenty  ex  quibus  Lyras  ctm- 
ficeres  aquales  Hits  qu^  ex  Indica  Tejiudine  campomrUur.  From  whence  'tis 
plain  the  Ancients  made  their  Lyres  of  the  Shells  of  TortoifeSy  perhaps  not 
very  curious  in  the  Choice  of  their  Materials,  but  might  takepromifcu- 
oudy  the  Land  or  River  TmeifCy  which  occafions  Paufamas  ^ndNUander 
to  mention  the  MountatHy  whereas  Horace  fpeaks  of  the  River  Toriaife, 

And  indeed  moil  of  the  Inftruments,  &r.  now  in  Uie  were  at  firft 
rude,  plain,  and  fimple,  tho'  improved  by  Length  of  Time,  and  Fancy^ 
of  Artificers :  Thus  the  FlutCy  Flagelet^  Hautboy y  and  OrganSy  arc  only 
Improvements  of  the  Venues  Avenge  or  OatethPipes  of  the  Field,  or  the 
Calami  impares  JunSi  of  the  Ancients,  Reeds  of  unequal  Lengths  rude- 
ly put  together ;  thus  their  Trumpets  were  at  firft  made  only  of  rude 
Horns  of  Beafts,  and  fometimes  or  the  common  Buccina  IFbeks  or  large 
Sea-ihells,  htnct  Virgily 

Rauco  JtrepuerufU  Comua  cantu.  And  Perfauy 

Bttccinajam  prifcos  cogebat  ad  arma  ^irites. 
And  thus  their  Lyres  were  at  firft  diade  of  the  Tortotie-SheU  ;  tho* 
in  After- Ages  the  Number  of  the  Strings  was  encreafed,  and  the  Model 
altered  5  and  the  Inftrument  tho*  improved  j  and  very  unlike  its  firft  Ori- 
ginal, yet  ftill  retained  its  Ancient  Name. 

This  appears  from  thofe  other  Schemes  Merfennus  gives  in  the  fame 
.  .  Table  of  feveral  Sorts  of  the  ancient  Lyres  (but  thefe  1  take  to 
be  more  Modem  than  that  which  is  hereexprcft)  and  from  thofe  de- 
fcrib'd  by  Leonardo  Agoftimy  in  the  Second  Part  of  his  Colle6Hon  of  the 
Cemme  Anticbcy  which  fUew  us,  that  as  the  Fancy  of  the  Workman, 
the  Mode  of  the  Times,  real  Convenience  or  an  imaginary  Beauty  in 
the  Inftrument  determined  it,  they  were  fiifhion'd  into  various  Shapes,, 
and  frequendy  like  their  Lamps  of  Old  into  capricious^i  fiuitaftical  odd 
Figures, 
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I.  /TT^HE  Heat  of  Winter  Air^  when  Water  begins  i^&«i»er/&' 
to  freeze.    This  Heat  is  known  by  rightly  ^^'^jf 
placing  the  Thermometer  in  Snow  pre0ed  ^^  ^^  "  * 
together,  at  what  Time  it  b^ins  to  thaw^  * 

The  Heat  of  Winter  Air. 

The  Heat  of  the  Air  in  Spring  and  Autumn. 

The  He^  of  the  Air  in  Summer. 

TheHeatof  theAir  atNoon,  about  the  Month  of  7f^^. 

The  greateft  Heat  that  the  Thermometer  receives  by  the 
Contaft  of  a  Human  Body.  This  Heat  is  much  the 
fame  as  that  of  a  Bird  fitting  upon  her  Eggs. 

The  Heat  of  a  Bath^  which  is  almoft  the  greateft  that  ^ny 
one  can  endure  long,  with  his  Hand  agitated  andim- 
merfed  in  it.  The  ^n^  almoft  is  the  Heat  o^  Blood 
juft  let  out. 

The  greateft  Heat  of  a  Bath  that  any  one  can  endure 
long,  his  Hand  being  immerfedand  at  reft  in  it. 

The  Heat  of  a  Bath  in.  which  Wax  fwimming  and  melt« 
ing,  by  moving  about  grows  hard  and  lofes  its  Tranf--  * 
parency* 

Tbe  Heat  of  a  Bath  in  which  Wax  fwimming  grows  li- 
quid by  the  Heat,  and  is  preferved  in  continual  Flux 
without  Ebullition. 

The  intermediate  Heat  between  the  Degrees  in  which  the 
Wax  melts  and  the  Water  boils. 

The  Heat  by  which  Water  boils  violently,  and  a  Mix- 
ture of  two  Farts  of  Lead,  of  t)um  Parts  of  Pewter, 

and 


.57 


2l 

3i 


68 
81 

114 


3} 


3i 


4 
4i 


136 


4i 


y^  iSf  ^Z?  (j/*  />&^  Degrees  of  Heat. 

and  of  .fiv^  Parts  of  Bifmutk  grows  fiiff  b  cooUiig^ 
Water  begins  to  boil  by  a  Heat  of  33  Parts,  and  in 
boiling  conceives  a  Heat  of  more  than  34  \  Parts.  But 
Iron  wipH  a  Heat  of  35  or  36  Parts  ceafes  ta  excite  an 
Ebullition,  when  hot  Water  is  dropt  upon  it ;  and  of 
37  Parcst-whcnxold  Water  xloes  the  iame. 

The  ieaft  Heat  by  which  a  Mixture  of  one  Part  Lead,  of 
four  Parts  Pewter,  and  of  five  Parts  Bifmuth,  grows 
hot  and  melts,  and  is  preferved  in  a  continual  Flux. 

The  Ieaft  Heat  by  which  a  Mixture  of  equal  Parts  of 
Pewter  and  Bilmuth  melts.  This  Mixture  cools  and 
coagulates  bj  a  Heat  of  47  Degrees.. 

A  Heat  by  which  a  Mixture  of  two  Parts  of  Pewter,  and 
one  Pare  of  BUoauth  is  meltftili  as  alio  a  Miicaiie  of 
three  Parts  of  Pewter,  and  two  Parts  of  Lead.  But  a 
Mixture  of  five  Parts  of  Pewter,  and  of  two  Parts  of 
Bifmuth,  cools  and  grows  ftifF  with  this  Heat*  And 
a  Mixture  of  equal  Parts  of  Lead  and  Bifmuth  does 
the  fame. 

The  Ieaft  Heat  by  which  a  Mixture  of  one  Part  of  Bif- 
muth, and  eig^t  Parts  of  Pewter  is  mdted.  Pewter 
alone  is  mek^  with  a  Heat  of  72  Parts,  and  cools  and 
grows  ftiff  by  a  Heat  of  70  Paru. 

Tl^  Heat  by  which  Bilmuth  is  rndtodt  as  alfo  a  Mix- 
ture of  four  Parts  of  Lead,  and  one  Part  of  Pewter^ 
But  a  Mixture  of  five  Parts  of  I^md,  and  one  Part  pf 
Pewter,  grows  ftiff  when  melted,  and  cools  in  tUa 
Heat. 

The  Ieaft  Heat  by  whichLead  is  melted.  Lead  g^w^ 
hot  and  melts  in  a  Heat  of  96  or  97  Parts,  and  cools 
and  grows-ftiff  in  a  Heat  of  ^5  Parts. 

The  Heat  by  which  Bodies  heatod  in  the  Fire  by  cooling 
quite  leave  off  to  (hine  in  the  Darknefs  of  the  Night, 
and  ziffitk  by  growii^  hot  b^n  to  fhine  in  the  &me 
Darknefs,  but  with  a  very  faiot  Light  which  can 
hardly  be  perceived.  In  tbis  Heat  a  ftfixtui^  of 
equal  Parts  of  Pewter  and  Regulus  Martis  will  mek  \ 
but  a  Mixture  of  feven  Parts  of  Bifmuth,  aiid  four 
Parts  of  the  fame  Regulus  Martis,  witt  cool  and  gfow 
ftiff. 

The  Heat  by  which  Bodies  heated  in  the  Fire  grow  ted 
hot,  but  not  fo  in  the  Twilight.  By  this  Heat  a  Mix- 
ture of  two  Parts  of  Regulus  Maitis,  and  of  one  Part 
of  Bifmuth,  as  aUb  a  Mixture  of  five  Parts  <tf  Regulus 
Martis,  and  one  Part  of  Pewter,  bf  cooling  grows  ftiff. 
The  Reguhis  by  itfelf  grows  ftiff  irith  a  Heat  of  146 
Degrees. 
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i6i  41  The  Heat  by  which  Bodies  heated  in  the  Fife  plainly 
grow  red  hot  in  the  Twilight,  juft  before  the  Rifing 
or  Setting  of  the  Sun,  but  not  fo  in  open  Day-light, 
or  but  very  obfcurely. 
i9t  5  The  Heat  of  burning  Coals  in  a  fmall  Kitchen  Fire, 
niade  of  bituminous  foffile  Coals,  and  without  blowing 
with  Bellows.  The  feme  is  the  Heat  of  Iron  in  fuch 
a  Fire,  that  grows  red  hot  as  much  as  it  can.  The 
Heat  of  a  fmall  Culinary  Fire  made  of  Wood  is. 
fomething  greater,  perhaps  of  200  or  210  Degrees. 
But  the  Heat  of  a  large  Fire  is  fomething  greater  ftill,. 
efpecially  if  provoked  by  the  Ufe  of  Bellows. 
In  the  firft  Column  of  this  Taible  we  have  the  Degrees  of  Heat  ia 
Arithmetical  Progreflion,  beginning  the  Computation  from  that  De- 
gree in  which  Water  begins  to  freeze,  as  it  were  from  the  loweft  De- 
gree of  Heat,  or  the  common  Limit  of  Heat  and  Cold,  and  making 
the  external  Heat  of  a  Human  Body  to  be  12  Degrees.  In  the  fecond 
Column  are  had  the  Degrees  of  Heat  in  Geometrical  Progreffion,  fo. 
that  the  fecond  Degree  is  as  great  again  as  the  firft,  the  third  as  great 
again  as  the  fecond,  and  fo  on ;  and  the  firft  is  the  external  Heat  of  the 
Body  of  a  Man  adequate  to  Senfe.  Now  it  appears  from  this  Table,, 
that  the  Heat  of  boiling  Water  is  almoft  three  Times  greater  than  the 
Heat  of  the  Human  Body,  and  that  the  Heat  of  melted  Pewter  .is  fix: 
Times  greater,  and  the  Heat  of  melted  Lead  is  eight  Times  greater,, 
and  the  Heat  of  melted  Regulus  is  twelve  Times  greater,  and  raat  the 
ordinary  Heat  of  a  Culinary  Fire  is  16  or  17  Times  greater,,  dian,  the 
fame  Heat  of  a  Human  Body. 

This  Table  was  conftrufted  by  the  help  of  a  Thermometer  and  a 
piece  of  red  hot  Iron.  By  the  Thermometer  I  found  the  Meafure  of 
all  the  Degrees  of  Heat,  till  I  came  to  the  Heat  with  winch  Pewter  is. 
melted,  and  by  the  red  hot  Iron  I  found  the  Meafure  of  the  reft.  For  the 
Heat  which  red  hot  Iron  communicates  to  cold  Bodies  which  are  conti- 
guous to  it,  in  a  given  time,  that  is,  the  Heat  which  the  Iron  lofes  ia 
a  given  timev  is  as  the  whole  Heat  of  the  Iron.  Therefore  if  the  Times  of 
cooling  are  taken  equal,  the  Heats  will  be  in  a  Geometrical  Ratio,  and 
therefore  are  eafily  found  by  a  Table  of  Logarithms. 

Therefore  firft  I  found,  by  a  Thermometer  conftrufted  with  Liiifeed 
Oyl,  that  when  the  Thermometer  was  put  into  melting  Snow,  the 
Oyl  took  up  a  Space  of  loooo  Parts.  The  fame  Oyl  rarified  by  a 
Heat  of  the  firft  Degree,  or  by  that  of  a  human  Body,  tOdk  up  the 
Space  102565  and  by  the  Heat  of  Water  jtift  beginning  to' boil,  it 
took  up  the  Space  10705,  and  by  the  Heat  of  Water-  boiling  vehe- 
mently It  took  up  the  Space  10725,  and  by  ^hc  Heat  of  melted^  Pewter 
cooling,  when  it  began  to  be  ftifF  and  put  on  t^le  Confiftencc  of  an 
Amalgama,  it  took  up  thb  Space  11516,'  arid  the  Space- 41496'  when 
it  was  quite  ftifi;    Therefore  the  ratified =Oyl  was  to  the  dilated  in  the 
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Ratio  of  40  to  39,  by  the  Heat  of  the  human  Body  ;  in  the  Ratio  of 
15  to  14  by  the  Heat  of  boiling  Water  i  in  the  Ratio  of  15  to  13  by 
the  Heat  of  cooling  Pewter,  when  it  began  to  grow  ftiflF  and  coagulate ; 
and  in  the  Ratio  of  23  to  20  by  the  Heat  by  which  cooling  Pewter 
grows  quite  ftifF.  The  Rarefaftion  of  Air  with  equal  Heat  was  ten 
times  greater  than  the  Rarefaftion  of  OyU  and  the  Rarefaction  of  Oyl 
was  about  15  times  greater  than  the  RarefaAion  of  Spirit  of  Wine. 
And  from  what  is  here  found,  by  fuppofing  the  Heat  of  the  Oyl 
proportional  to  its  Rarefaftion,  and  for  the  Heat  of  the  human  Body 
writing  12  Degrees,  the  Heat  of  Water  when  it  begins  to  boil  will 
come  out  33  Degrees,  and  when  it  boils  vehemently  34  D^rees  ;  and 
the  Heat  of  Pewter  either  when  it  melts,  or  when  it  begins  to  cod 
and  becomes  of  the  Confiftency  of  an  Amalgama,  will  be  of  72  De- 
grees, and  when  it  cools  and  grows  hard,  of  70  D^rees. 

Thefe  things  being  known,  that  I  might  find  the  reft,  I  heated  a 
thick  piece  of  Iron  till  it  was  red  hot,  and  taking  it  out  of  the  Fire 
with  a  hot  pair  of  Pincers*  I  immediately  put  it  in  a  cold  Place, 
where  the  Wind  blew  conftantly  ;  and  putting  upon  it  little  Particles 
of  different  Kinds  of  Metals,  and  other  Bodies  that  would  melt,  I 
obferved  the  Times  of  Cooling,  till  all  the  Particles  grow  ftiff  and  loA 
^their.Fluidityi  and  the  Heat  of  the  Iron  was  equal  to  the  Heat  of  the 
human  Body.  Then  fuppofing  that  the  Exceffes  of  the  Heat  of  the 
Iron  and  the  rigid  Particles  above  the  Heat  of  the  Atmofphere  found 
by  the  Thermometer,  are  in  Geometrical  Progreflion  when  the  Times 
are  in  Arithmetical  Progreflion,  all  the  Degrees  of  Heat  became  knowa 
I  placed  the  Iron  in  a  Wind  blowing  uniformly,  and  not  in  a  quiet 
Air,  that  the  Air  heated  by  the  Iron  might  always  be  carry'd  away  by 
the  Wind,  and  the  cool  Air  might  fucceed  in  its  Place  with  an  uniform 
Motion.  For  thus  equal  Parts  of  the  Air  would  be  made  hot  in  equal 
Times,  and  would  conceive  a  Heat  proportional  tp  the  Heat  of  the 
Iron* 

Now  the  Heats  thus  foimd  will  have  the  fame  Proportion  to  one  ano- 
ther with  the  Heats  found  by  the  Thermometer,  and  therefore  we 
have  rightly  aflumed,  that  the  RarefaAions  of  the  Oyl  are  propor- 
tional to  its  Heat. 

AnJIccwaaof     II.  Dr.  Hook^  who  has  made  many  Attempts  to  improve  the  Baro- 

j)r.  HookV    fneieTj  and  to  render  the  minute  Divifions  on  the  Scale  thereof  more  fea- 

^^'^^JM^  fibJe,  judging  that  it  might  be  of  great  Ufe  at  Sea,  contrived  levefal 

E^Sdicy,  n.  Ways  to  mdce  it  fervice^le  on  Board  a  Ship  ;  one  of  which  he  explain- 

269.  p.  79 1 .  cd  to  the  Rcyal  Society  at  their  weekly  Meeting  in  Gre/ham-CoUege^  Jam- 

ary  2.  i66{*  fince  which  Time  he  hath  further  cultivated  thelnvemioD, 

and  fome  Years  ago  produced  before  the  &id, Sodetyj  the  Inftrument  I 

am  now  t0  dcf<:ribe. 

The  Mercurial  Barometer  requiring  a  pe^ndicular  Pofture,  and 
the  Quickfilver  vibrating  therein  with  great  Violence  upon  any  Agi- 
tation, is  therefore  uncapable  of  being  ufed  at  Sea,  (though  it  hadi 

lately 
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htely  been:  contrived  to  be  made  portable.)  So  it  remained  to  find  oat 
fome  other  PHnciple^  wherein  the  Poiition  of  the  Inilrument  was  not 
fo  indHpenfably  neceflary  :  For  this,  all  thofe  that  ufe  the  Sea  are 
obliged  to  the  great  Facility  Dr.  Hoffk  has  always  Ihewn,  in  applying 
philofophical  Experiments  to  their  proper  Ufcs. 

It  is  about  40  Years  fince^  that  i}cy6  Thermometers  of  Roit.  deFluSibuSj 

depending  on  the  Dilatation  and  Contraction  of  included  Air  by  Heat 

and  Cold,  have  been  difufed,  upon  Difcovery  that  the  Air's  PreiTare  i^ 

tinequal ;  that  Inequality  mixing  itfelf  with  the  Effeds  of  the  Warmth 

of  the  Air  in  that  Inftrument.     And  inftead  thereof  was  fubftituted 

the  feal'd  Thermometer,  including  Spirit  of  Wine  (firft  brought  into 

England  out  of  Italy  by  Sir  Robert  StmtbweU)  as  a  proper  Standard  of 

the  Temper  of  the  Air  in  relation  to  Heat  and  Cold ;  that  asthereal  Spirit 

being  of  all  the  known  Liquors  the  moft  fufceptible  of  Dilatation  and 

Contraftion,  efpecially  with  a  moderate  Degree  of  either  Heat  orCold^ 

Now  this  being  allowed  as  a  Standard,  and  the  other  Thermometer  that 

includes  Air  being  graduated  with  the  fame  Divifions,  £>  as  at  the  Time 

when  the  Air  was  included,  to  agree  with  the  Spirit-Thermometer  in. 

all  the  Degrees  of  Heat  and  Cold,  noting  at  the  fame  Time  the  preciie 

Height  of  the  Mercury  in  the  common  Barometers :  It  will  readily  be 

underftood,  that  whenfoever  thefe  two  Thermometers  fhall  agree,  the 

Preflure  of  the  Air  is  the  fame  it  was,  when  the  Air  was  included  and 

the  Inilrument  graduated  :  That  if  in  the  Air-Thermometer  thie  Liquor 

ftand  higher  than  the  Divifion  marked  thereon,  cdrrefpondhig  with  that 

on  the  Spirit-Glafs,  it  is  an  Indication  that  there  is  a  greater  Preflure 

of  the  Air  at  that  Time,  than  when  the  Inftrument  was  graduated.  And 

the  contrary  i§  to  be  concluded,  when  the  Air-Gla{s  ftands  lower  than 

the  Spirit,  vix.  that  then  the  Air  is  fo  much  lighter,  and  the  Quick- 

filver  in  the  ordinary  Barometers  lower  thaa  at  the  fame  Time  of  Gra- 

cluation. 

And  the  Spaces  anfwering  to  an  Inch  of  Merciiry  will  be  more  or 
lefs,  according  to  the  Quantity  of  Air  fo  included,  and  the  Smalhiefs 
of  die  Glafs  Cane,  in  which  the  Liquor  rifes  and  falls,  and  may  be  aug- 
mented almofl  in  any  Proportion,  under  that  of  the  fpecific  Gravity  of 
the  Liquor  of  the  Thermometer  to  Mercury.  So  as  to  have  a  Foot  or 
-  more  for  an  Inch  of  Mercury,  which  is  another  great  Convenience. 

It  has  been  obfen^  by  fome,  that  in  long  keepmg  this  Inftrument, 
the  Air  included  either  finds  a  Means  to  efcape,  or  depofits  fome  Va- 
pours mix'd  with  it,  or  elfe  for  fome  other  Caufe  becomes  lefs  elaftic,. 
whereby  in  Procefs  of  Time  it  gives  the  Height  of  the  Mercury  fome^ 
what  greater  than  it  ought ;  but  this,  if  it  ihould  happen  in  fome  of 
them,  hinders  not  the  Ufefulnefs  thereof,  for  that  it  may  at  any  Time 
very  eafily  be  corrected  by  Experiment,  and  the  rifing  and  falling 
diereof  are  the  Things  chiefly  remarkable  in  it,  the  juft  Height  being 
barely  a  Curiofity. 
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in  the(e  Parts  of  the  World,  long  Experience  has  tokl  us,  ihat  the 
riling  of  tlie  Mercury  forbodes  fair  Weat^  ^fp^r  foul,  and  an  Eaderly 
or  Northerly  Wind,  and  chat  the  follii^  thereof,  on  the  contrary,  figoi- 
ties  Southerly  or  Wefterly  Winds,  with  Rain,  or  ftormy  Wiods»  o^ 
both ;  which  latter  is  of  much  more  Confequence  to  provide  againft  ac 
Sea  than  at  Land  ^  and  in  a  Storm,  the  Mercury  be^nning  to  rife,  is  a 
fure  Sign  that  it  begins  to  abate,  as  has  been  experienced  in  high  Lati- 
tudes Ix^th  to  the  Northwards  and  Southwards  of  the  Eauator. 
F^.  t.  ylB  reprelents  the  Spirit-Thermometer,  graduated  trom  o,  or  the 

freezing  Point,  thraugh  all  the  po0ible  Degrees  of  the  Heat  or  Cold  of 
the  Air>  at  le^  in  thefe  Climates. 

C  D  is  she  Air-Thermometer,  graduated  after  the  iame  Manner,  with 
the  like  Etegrces. 

EF  h^  Plate  applied  to  die  Side  of  the  Thermometer  CD,  gra- 
duated into  Spaces  anfwering  to  Inches  and  P^ts  of  an  Inch  of  Mer- 
cury, in  the  common  Barometers* 

G,  a  Hand  ftanding  on  the  Plate  at  the  Height  of  the  Mercury 
thereon,  as  it  was  when  the  Inftniment  ¥ras  graduated,  as  fuppofe  here 
4a  29  s  Inches. 

£  Ma  Wire  on  which  the  Plate  EF  flips  up  and  down,  parallel  to 
the  Cane  of  the  Thermometer  C  D. 

K^  any  Point  at  which  the  Spirit  (lands  at  the  Time  of  Obfervadon; 
Aippofe  at  g8  on  the  Spirit-Thermometer ;  Aide  tlie  Plate  E  F  till  the 
Hand  G  ftand  at  38  on  the  Air-Thermomeier,  and  if  the  Liquor  there- 
in ftand  at  38  likewife,  then  is  the  PreffMre  of  the  Air  the  fame  as  at 
the  Time  of  Graduation ;  viz..  29,  5  ;  but  if  it  ftand  higher,  as  at  30 
at  I,  then  is  the  Pre(fiire  of  the  Air  greats  \  and  the  Divifion  on  the 
Aiding  Plate  agaiail  the  Li({uor,  ihews  the  prefent  Height  of  the  Mer- 
cury to  be  29  Inches  7  Tenths. 

I  had  one  of  thefe  Barometers  with  me  in  my  late  Southern  Voyage, 
and  it  never  failed  to  prognoftick  and  give  early  Notice  of  all  the  bad 
Weather  we  had. 

A  New  Baro^     HI.  I  have  made  a  new  Sort  of  Ba^fcope,  ^tis  cheap  and  very  escaft, 
/cope,  by  Mr.   I  here  fend  you  its  Calculation  a^  it  occurred  to  my  Thoughts  before  I 
CafwcU.  n.     ^^^  j^^    Suppofc  ABCD\s  2l  Bucket  of  Water,  ip  it  the  Barofcope 
290-  P-  «S97-  scr  i  zy  osnf^  which  confifts  of  ^  Body  x  r  s  m^  and  a  Tube  txj^^ 
Fig.  2.      the  Body  and  Tube  are  both  concave  Cylinders  comipunicating  with 
each  other»  and  made  of  Tin  (for  Want  of  Glafs :)    The  Bottom 
of  the  Tube  zy  has  a  Lead-weight  to  fink  it»  ^  that  the  Top  of 
the  Body  may  juft  fwim  even  with  the  Surface  qf  the  Water  by  the 
Addition  of  fome  Grain- Weights  on  the  Top.    Ti^  Water  when  the 
Inftrument  is  forced  with  its  Mouth  downwards,  gets  up  into  the 
Tube  to  tiK  Height  yM.    There  is  added  on  the  Top  a  fmsdl  con- 
cave Cylinder,  which  I  call  the  Pipe,  to  diftinguifli  it  ^ffi^  the  Bottom 
3  {malt 


A  New  Barofcopi^. 

fmall  Cylinder,  which  I  call  the  Tube :  This  Pipe  is  to  fiiffain  the 
Inftrumenc  from  finking  to  the  Bottom^  mi/  is  a  Wire^  m8i  dE  are 
two  Threads  oblique  to  the  Surface  of  die  Water,  which  Threads  per* 
form  the  Office  of  Diagonals :  For  that  while  the  Inftrument  finka 
more  or  lefs  by  the  Alteration  of  the  Gravity  of  the  Air»  there,  wherQ 
the  Surface  of  the  Water  cuts  the  Thread,  is  form'd  a  fmall  Bubble, 
which  Bubble  afcends  up  the  Thread,  while  the  9  of  the  common  Ba- 
rofcope  afcends. 

The  Circumference  of  the  Body  is  21  Inches,  therefore  its  Area 
s=  35 :  the  Altitude  m  j  n=  4,  therefore  the  Body's  Solidity  s=  140,  each 
Bafe  X  my  r  j,  has  a  Convexity  whofe  Altitude  is  6.$^  therefore  the 
Conoid  on  each  Bafe  is  nearly  =  1 1 1,  therefore  d  the  whole  Body  is 
sa  ( 140  +  111  +  iii«s)  163,  and  i  the  entire  Altitude  of  the 
Body  =  (4  +  .65  +  .65  =:)  5. J.  The  inner  Circumference  of  the 
Tube  is  5.014,  therefore  its  Area  «  =  2  the  Length  of  the  Tube  ss  45,, 
therefore  the  Tube's  Capacity  ess  9,  therefore  C^  the  Content  of  the 
Body  and  Tube  :=  \6^  *f.  9  =  172  Cubic  laches,  tha€  is  almoft  2» 
Quarts. 

Suppofe  die  Air*s  Preflure  when  greateft  as  30.5  Inches  of  S  =» 
(30.5  X  14  3=)  427  of  Water,  and  /ea»  427,  Aerefore  fe  =  73444* 
Put  a  for  the  Depth  9  u^  of  the  Air  in  the  Tube  whm  the  Body  is  juft 
all  immerfed,  the  Air  in  the  Inftrument  en  Immerfion  contrafts  focne- 
what  by  the  Cold  of  the  Water ;  this  Contraiftion  I  find  is  nearly  le 
much  as  would  be  pfoduc*d  by  an  Addition  of  i  Inch  to  the 
Atmofphere's  Altitude  427;  this  in  cold  Weather,  but  in  wvm 
Weather  'tis  probably  twice  as  much :  But  we  wilt  now  Aippofe 
it  =s  li  therefore  the  Depth  of  the  Surface  of  the  Water  in  the 
Tube  below  the  Surface  of  the  outer  Water  is  sss  ^  -f.  «,  therefore 
the  Preflure  on  that  inner  Surfgure,  is  as  the  Altitude  of  the  At- 
mofphcre  above  itsB/+  b  -f  1 4. « ssF— is  (putting Fs=:/+*-f  i.) 
Thc^  for  that  the  Spaces  into  which  the  Air  is  contracted,  are  recipro^^ 
cal  to  their  refpedive  Preflures,  and  iox  that  while  the  Inftrument  is 
oOt  of  the  Water^  the  Preflure /anfwered  to  the  Spate  C,  therefore, 

fc 
F  +#:/::  C  :  /y     =s  Space  which  the  Ak>  takes  up  in  the  Inftru* 

saent  undef  Water  5  theref<SM«,  ■//  —  i  ss  that  Pat  of  the  Tube 
which  is  poflefled  by  Air  ^ss  an  (fuppofiiig  the  Tube's  Area  2  ss n). 
'V^dottfc-^Fd'^ad^Fan  +  aan.    Therefore  4  «  4*  F-( — 

Q^q  q  2  %a 
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X  a  s=-^  ^       ■■  .    Put  F  +  —  as  2  ^,  therefore  aa-^^f^a^ 
fi  ft 


fc-^Fd  ,      .                /fe  —  Fd  , 
3s ^ therefore  «  «  /:■' 1- ^ ^  —  J-- 

n  n 

Then  fuppofe  the  Atmofphere*s<;ravity  lefs,  fo  much  as  to  fink  the  . 
^  ^  Inch  =  1.4  of  Water,  and  therefore  putting  :p  =  F —  14,  and  in 
the  laft  Equation  x  inftead  of  J,  -and  y  inftead  of  g^  you  have  a  = 

Vl^j:itij^yy:^y.       ThU8  I  find  ^  «  2-72  K    J  ^,,fo^  ^  _ 

a  =s!  2.94  5 
tf  ss  .22,  which  .22  X  »  gives  .44  Cubic  Inches,  and  (fuppofing  a 
Cube-Inch  =s  253  Grains)  .44  x  253:35  11 1  Grains  Weight  of  Water 
that  was  gotten  up  into  the  Tube  in  the  firft  Cafe  more  than  .in  the 
fecond,  and  therefore  the  Barofcope  requires  an  Addition  of  1 1 1  Grains 
oh  its  Top  to  fink  it  with  the  Level  of  the  Water  in  the  fecond  Cafe 
more  than  in  the  firft,  and  this  upon  the  finking  of  the  5  in  the  com-  ' 
mon  Barofcope  only  75  Inch;  now  i  Grain  in  this  new  Barofcope  is 
nearly  as  difcernable  as  /^  Inch  in  the  common,  and  therefore  this  new 
Barofcope  is  more  exaft  than  the  common  1 1 1  Times. 

Put/ sss  247  .r  c=5  172  J  s=s  163  .»  =s  2  as  above,  only  change  F, 
put  F,  put  F  437.3,  ^^  "»  fuppofe  the  Body  funk  in  Water  4  Inches 
lower  •,  in  this  Cafe  a  cs  208,  therefore  ^  —  a  =  .64,  which  multiplied 
into  (^»  s=  1.28  CubiC'Inches,  which  x  253  gives  324  Grains,  and  fo 
mucii  the  Body's  Top  x  m  being  funk  4  Inches  under  Water,  the  Body 
becomes  heavier,  than  while  x  m  was  at  the  Surface  of  the  Water. 
Therefore  this  1.28  divided  by  the  aforelaid  Depth  4  gives  .32  the  Area 
of  the  Top-Pipe,  fuch  as  would  ballance  or  buoy  up  the  Body  at  any 
Depth.  Stridly  fpeaking,  the  Pipe  fhould  be  gradually  bigger  upward 
in  order  to  fuftain  the  Inftrument  at  any  Depth,  but  as  to  Senfe  it  is  cy-* 
lindrical,  and  its  Circumference  =5  2.005.  But  for  that  the  leaft  Alte* 
ration  of  the  Air  would  make  the  Body's  Top  xm  m  that  Cafe  pais 
through  the  4  Inches  (which  4  Inches  I  fuppofe,  all  the  Variety  of  Depth 
that  the  Inftrument  has  room  given  it  in  the  Bucket  to  afcend  or  defcend) 
therefore  the  Pipe  is  made  a  fmall  Matter  bigger,  (viz.)  its  Circumfe- 
rence is  2.14 ;  whereby  the  Pipe,  according  as  the  Body  finks  more, 
gives  more  Refiflance  to  the  defcending  Body.  -  The  Pipe's  Area  is 
.3643 ;  therefore  the  Capacity  of  the  Pipe  in  4  Inches  Altitude  isrs  i  .457- 
But  as  abovcfaid  to  give  juftly  no  Refiftance,  its  Capacity  fhould  be 
1.28.  Therefore  this  i.a8  taken  from  1.457,  leaves. 177  the  adual 
Refiftance  in  4  Inches  Depth,  viz.  (.  1 77  x  253  s)  44  Grams. 

But 
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But  this  Rcfiftancc  will  not  be  the  fame  in  all  Weathers,  in  order  there- 
fore to  calculate  what  it  will  be  when  the  2  of  the  common  Barofcope  }$ 
-very  low :  For  Example,  but  28  Inches  high  =  392  <jf  Water  -,  /muft  be 
fuppofed  =  392,thcreforeF=/+^  + 1  =398.3,  and  die  reft  as  before-, 
viz.d=i6ijfc  =  67424.^1/=  649229.  thence  by  the  aforefaid  Equation 

^^^.S^i  ^^^^^^^^  «  — ^  =  -^S*  which  X  n  gives  .50  Cubic  Inches^ 

which  X  253  =  1 26  Grains.  So  that  this  Barofcope  when  the  2  is 
loweft,  is  moreexad  than  the  common  126  Times,  uippofing  the  Body 
immerfed  afrefh  when  the  5  is  fo  low. 

Next  while  the  5  is  fo  very  low,  fuppofe  the  Top  of  the  Body  de- 
prefs'd  4  Inches  under  Water  5  therefore  (p  =  F-j-  4  =  402.3,  the  reft 
are  as  before,  vfe./c  =  67424,  then  a  will  be  19  :  but  before,  while 
the  Top  of  the  Body  was  at  the  Surface,  x  was  2.59  ;  therefore  the  Dif- 
ference 69  X  Tube's  Area  2,  gives  1.38  Cube-Inches,  which  x  253 
gives  349  Grains,  and  fo  much  the  Barofcope  is  heavier^  when  the 
Top X  mis  4,  Inches  under  Water  ;  or  which  comes  to  the  fame,  fup- 
pofmg  that  S  at  28,  and  xm  zt  the  Surface ;  this  Barofcope  by  the  9*s 
afcending  ^  Inch  will  become  heavier  349  Grains.  The  Pipe's  Capa- 
city in  4  Inches  Altitude  was  i.457»  from  which  take  the  abovefaid 
1.38,  the  Refidue  =«  .077,  which  x  253  gives  19  Grains  in  4  Inches  ; 
ib  that  the  Pipe  will  fuftain  the  Barofcope,  and  -alfo  44  when  the  S  is 
30y  high,  and  but  19  Grains  when  the  $  is  28  high.  The  fewer  Grains 
Difference  there  are  in  its  fmking,  through  4  Inches,  the  more  nice 
the  Barofcope  will  be. 

There  where  the  Thread  cuts  the  Surface  of  the  Water,  is  form'd  a 
Bubble,  therefore  this  Bubble  while  the  Inftrument  finks  in  Water 
4  Inches,  which  is  all  the  room  that  I  give  it,  the  Bubble  moves  on  the 
2  Diagonal  Threads  20  Inches,  it  follows  therefore  that  120  Grains 
Difference  would  make  the  Bubble  walk  over  1 20  Inches,  if  the  Threads 
were  fo  long,  buta&it  has  been  above  calculated,  about  J. ;[  20  Grains 
Difference  of  Weight  of  the  Inftrument  is  produced  by  fo  much  of  the 
Alteration  of  the  Air,  as  would  make  the  9  of  the  common  Barofcope 
re  Inch }  therefore  when  the  S  afcends  15  Inch,  the  Bubble  of  this 
new  Barofcope  afcends  1 20  Inches ;  therefore  this  new  Barofcope  is  more  * 
cxaA  than  the  common  Barofcope  by  about  1200  Tinies. 

1.  While  the  9  of  the  common  Barofcope  is  often  known  to  be  fta-  Olfirvaitom 
tionary  24  Hours  together,  the  Bubble  of  the  new  Barofcope  is  rarely  ^!^j.  *^^-^ 
found  to  ftand  ftiU  one  Minute.  tbuBarojcoff. 

2.  Suppofe  the  Air's  Gravity  encreafing,  and  accordingly  the  Bubble 
afcending,  during  the  Time  that  it  afcends  20  Inches,  it  will  have  many 
ihort  Defcents,  of  the  Quantify  of  |  Inch  x,  2,  3,  or  more  Inches,  each 
of  which  being  over  it  will  afcend  again.  Thefe  RetrocefCons  are  fre- 
quent, and  of  all  Varieties  in  Quantity  and  Duration,  fo  that  there  is 
iK>  judging  of  the  general  Courie  of  die  Bubble  by  bare  InfpeAion, 
though:  you  fee  it  moving  but  by  waiting  a  little  Time. 


•io  A  Nfff»  'TbiffHMieier. 

%.  A  fmall  Blaft  of  Wind  ^I  make  the  Bubbk  defcend ;  a  Blafi:  that 
f  annot  be  heard  in  a  Chamber  of  the  Town,  will  fenfibly  force  the  Bub- 
ble downward.  The  Blafts  of  Wind  fenfible  abroad  caufc  many  of  the 
abovcfaid  Retroceffions,  or  Accelerations  in  the  general  Courfe  \  as  I 
found  by  carrying  my  Barofcope  to  a  Place  where  the  Wind  was  per* 
ceptible. 

4.  Clouds  make  the  Bubble  defcend.  A  fmall  Cloud  approaching  to 
the  Zenith,  works  more  than  a  great  Cloud  near  the  Horizon.  In 
cloudy  Weather  the  Bubble  defcending,  a  Break  of  the  Cfeuds  (or 
clear  Place)  approaching  to  the  Zenith,  has  made  the  Bubble  to  aP* 
cend  -,  and  after  that  Break  had  pafTed  beyond  the  Zenith  a  coniiderable 
Space,  the  Bubble  again  defcended. 

5.  All  Clouds  (except  one)  hitherto  by  me  obferved,  have  made  the 
Bubble  to  defcend.  But  the  other  Day  the  Wind  being  Norths  and  the 
Courfe  of  the  Bubble  defcending,  I  faw  to  the  Windward  a  large  thick 
Cloud  near  the  Horizon,  and  the  Bubble  ftiU  defcended,  but  as  this 
Cloud  drew  near  the  Zegith,  it  turned  the  Way  of  the  Bubble,  making 
it  to  afcend,  and  the  Bubble  continued  afcending  till  the  Cloud  was  all 
paifed,  after  which  it  refumed  its  former  Defcent*  It  was  a  Ck>ud  dutf 
yielded  a  cold  Shower  of  fmall  Hail. 

A NtwTha"  '  IV.  This  New  Thermometer  is  composed  of  a  Bowl  or  Bottle  of 
moffleter*  ty  Glafs,  ^,  which  has  no  other  opening,  but  by  a  little  Tunnel  at  the 
Mr.GtoSwy.  End  •,  and  which  defcends  almoft  to  the  Bottom  of  the  Bowl.  This 
n^274P-96i,  Tunnel  is  open  at  both  Ends  BC.  B  dips  into  the  Liquor  J?,  which  is 
at  the  Bottom  of  the  Bowl. 

The  Space  of  the  Bottle  of  Glafs  is  fiU'd  with  Air,  which  has  no 
Communication  with  the  exterior  Air. 
Fig.  3.  When  the  Air  contained  in  this  Space  is  rarified  by  the  exterior  Air 

which  touches  the  Bottle,  it  preffcs  at  the  fame  Time  the  Liquor  iS, 
and  obliged  it  to  rife  by  B  in  the  Tunnel  B  C.  On  the  contraiy,  when 
it  condenfes  by  the  exterior  Cold,  by  not  prelEng  the  Liqitor  £,  it 
permits  that  which  is  in  the  Tunnel  to  fall. 

The  Readinefs  with  which  die  Air  condenfes  of  rarlfies  by  Cdtf  and 
Heat,  makes  the  EflGefts  of  this  Thermometer  much  morefodden  than 
thok,  of  any  other  fort:  Befides,  the  Effedh  of  this  is  much  greater, 
the  Air  being  capable  of  a  greater  Rarefadion,  of  of  a  greater  Con- 
denfation,  than  any  other  Liquor. 

<hi  Canfe  of  V.  Rtmarks  on  the  Second  Paper  in  the  Hiftory  of  the  Royal  Acadetty 
ihe  Variation  of  ScicnceSj  for  the  Tear  171 1,  concerning  the  Caufc  of  the  Variation  oftir 
•f  '^^^'  Barometer :  Shewing  ibaf  the  Way  of  accounting  for  it  in  that  Paper  is  Hh 
^TyT^hiJ^JS^^^^  tf»i  that  the  Experiment  made  ufe  of  to  prove  %vbat  is  tbert 
iagulieis.  n.    offerted^  does  no  WiFf  prow  it. 

351.  p.  570.       The  Paper  is  as  follows.^  ^  It  appears  by  the  Barometer,,  that  when  it 
«        t^  rains^  or  a  little  before  the  Rain>  the  Air  cooitnonly  becomes  l^hter. 

^^Thac 
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^*  That  it  fnuft  rain  when  the  Air  becomes  lighter  iseafy  to  imagine  ^ 
^^  for  the  imperceivable  Particles  of  Water^  that  fwim  about  in  the 
^  Air  in  prodigious  Quandtjr^  not  being  fufiictently  fuflain'd  when  the 
*^  Air  has  lofl:  a  certain  Degree  of  its  Weighty  begin  to  fall,  and  icveral 
*^  of  them  joining  together  in  the  t^'all  make  Drops  of  Ridn.  So  when 
^*  about  half  of  the  Air  is  drawn  out  of  the  Recipient  of  the  Air-Pump, 
^  (and  confequently  the  remsuning  Air  is  as  weak  again  as  at  firft)  fome* 
*^  (hing  like  a  fmail  Rain  falls*  But  why  Ihould  the  Air  become  l^ter  ? 
**  One  might  imagine  that  in  the  Place  where  it  rains,  it  may  have  \c& 
^^  {pmt  of  its  Weight  and  Bulk,  by  Means  of  the  Winds  carrying  away 
^^  fome  Part  of  it :  But  Monfieur  Lahniz^  in  a  Letter  to  the  Abbc^ 
^*  Bignm^  ^ves  a  more  ingenious  and  more  new  Reafon  for  it. 

^^  He  pretends  that  a  Body,  which  is  in  a  Liquid^  weighs  with  that 
^*  Liquidf  aitd  makes  up  Part  of  its  whole  Weight,  fo  long  as  it  is 
*^  fuftain^  in  it ;  but  if  it  ceafes  to  be  fuCtained^  and  confequently  falls« 
*^  its  Weight  no  longer  makes  a  Part  of  the  Weight  of  the  Liquid^  wktch 
^^  thereby  comes  to  weigh  lefs.  This  may  naturally  be  applied  to  the 
^^  above-mentioned  Particles  of  Water  \  they  encreaie  the  Weight  of 
*^  the  Air  when  it  fuftains  thenn  which  is  diminiihed  when  it  lees  them 
^''  fall  i  And  as  it  may  often  happen  that  the  Particles  of  Water  that 
^\  are  higheft,  fall  a  confiderable  Time  before  they  join  with  thofe  th<u 
*^  are  low,  the  Gravity  of  the  Air  diminifhes  before  it  rains,  and-the 
**  Barometer  Ihews  it.  .  . , 

^*  This  new  Principle  of  Monfieur  Leihmtz  is  furprizing*.  For  mullb 
**  not  a  ilrange  Body,  whether  fuftained  in  a  Liquid  or  not^  always 
^^  weigh  ?  Can  it  gravitate  upon  any  other  Bottom  than  that  which 
^^  fuibuns  the  whole  Liquor  ?  Does  that  Bottom  ceafe  to  carry  a 
*<  ilrange  Body,  becaufe  it  falls  ?  And  is  not  that  Body  all  the  while  k 
^^  is  falling,  part  of  the  faid  Liquid  as  to  the  Weight  ?  At  that  rate,  whilft 
^^  a  Chymical  Precipitation  is  made,  the  whole  Matter  ought  to  weigh 
^^  lefs,  which  has  never  been  obferved,  and  fcarce  appears  credible.    * 

**  Notwithftanding  thefe  Objeftions  the  Principle  holds  good^  when 
^*  more  cloiely  examin'd.  What  fuftwis  a  heavy  Body  is  prefs'd  by  it* 
^f  AT9ble,forexample»which  iiiftainsaPound  Weight  of  Iron«  is  prefs'd 
**  by  it,  and  is  fo  only  becaufe  it  fuftaias  the  whole  Aftion  andEffed):  of 
**  thcCaqfeof  Gravity,(whatever  Itbe)  to  puih  that  Lump  of  Iron  lower. 
V  If  the  Table  fliould  yield  to  the  Adion  of  that  Caufe  of  the  Weight 
•*  (or  Gravity)  it  would  iM)t  he  prefsM*  and  therefore  would  carry  no- 
^^  thing.  A^r  the  fame  Manner,  the  Bottom  of  a  VefieU  which  contains 
^^  a  Liquid,  oppofes  itielf  to  all  the  Action  of  the  Caufe  of  Gravity  againft 
^*  the  faid  Liquid:  If  aftrangeBody  fwims  init^the  Bottom  oppofes  itfelf 
^*  alfototheifaidAdionagainft  that  Body,  which,  btmginjEquiUMo  with 
*^  the  Li(|uid,  is  m  that  refpc ft  really  a  Part  of  it.  Thus  the  p^ttom  U 
^^  pre&'d  both  by  the  Liquid  and  theftrai^geBody^  and  fuftains  them  both. 
^^  But  if  the  Body  falW  i(  yietds  to  the  A£tioQ  f|f  Gravity,  ^and  conle^ 
*^  qucAtly  the  BoiMm  dws  no  Irngfit  fdbun  it  ^  peither  wiU  ic  fuftain 

"  it. 
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"  it,  till  the  faid  Body  is  come  down  to  the  Bottom.  Thcfcfore  du- 
^'  ring  the  whole  Time  of  the  Fall,  the  Bottom  is  eafcd  of  the  Wci^ 
**  of  that  Body,  which  is  no  longer  fufbuned  by  any  Thing,  butpufh'd 
**  down  by  the  Caufe  of  Gravity,  to  which  nothing  hinders  it  from 
*'  yielding. 

*^  Monfieur  Leibnitz  to  confirm  his  Notion,  propoied  an  Experi- 
*^  ment.  He  fays,  that  two  Bodies  muft  be  tied  to  the  two  Ends  of 
**  a  Thread,  the  one  heavier,  and  the  other  lighter  than  Water,  yet 
"  fuch  as  both  together  may  fwim  in  Water :  Put  them  into  a  Tube 
^  full  of  Water,  the  Tube  being  tied  to  one  End  of  the  Beam  of  a 
^  Ballance  whofe  other  End  has  a  counterpoifing  Weight :  Then  if  wc 
^^  cut  the  Thread  which  ties  the  Bodies  together  (that  are  of  unequal 
**  Weight)  fo  that  the  heavieft  may  prefently  defcend,  he  fays,  that 
^^  in  fuch  a  Cafe  the  Tube  would  be  no  longer  in  MmtUbrh^  but  its 
**  counterpoifing  Weight  would  preponderate,  becaule  the  Bottom  of 
'^  the  Tube  would  be  lefs  prefsM.  It  is  plain,  that  the  Tube  muft  be 
•*  fufBciently  long,  that  the  falling  Body  may  not  reach  the  Bottom 
•*  before  the  Tube  has  Time  to  rife.  In  Chymical  Precipitations,  the 
"  Vcffels  are  either  too  fliort,  or  what  is  precipitated  falls  fometimes 
"  too  fall  and  Ibmetimes  too  flow  -,  for  then  the  little  Bodies  are  always 
•*  (as  to  Senle)  in  Mquiliirio  with  the  Liquor  that  contains  them. 

**  Monfieur  Ramazzinij  the  famous  Profeffor  at  Padua^  to  whom 
**  Monfieur  Leibnitz  had  propofed  his  Experiment,  has  m^e  it  with 
*•  Succefs,  after  fome  fruitlefs  Trials.  Monfieur  Reaumur  (to  whom 
••  the  Academy  had  recommended  it)  has  alfo  made  it  with  Succefs. 

Fig.  4,  Remarks  upon  Monjieur  l^txhnxXT^s  New  Principle.]    Let  ^  if  be  the 

Bottom  of  a  VefTcl  full  of  any  Fluid,  whofe  Top  is  either  wider  than 
the  Bottom  as  G  H,  narrower  as  E  F,  or  equal  to  it  as  C  D.  The 
Preflure  of  the  Fluid  upon  the  Bafc  A  B  will  be  equal  to  the  Weight 
cf  C  5,  or  of  a  Cylinder  or  Prifm  of  the  fame  Fluid,  made  up  of  the 
Area  of  the  Bafe  multiplied  into  the  perpendicular  Height  above  it 

If  the  Fluid  be  equally  denfe  every  way  as  Water,  or  of  a  Denlity 
uniformly  diminifh'd  as  you  go  upwards,  this  Propofition  (called  by^ 
Mr.  Boyle  the  Hydroflatical  Paradox)  will  hold  good.  This  is  demon* 
ftrated  by  all  Hydroftatical  Writers. 

Fig.  5.  Let  JB  F  reprefent  Part  of  the  Surface  of  the  Earth,  and  GEFHz 

Pillar  of  the  Atmofpherc,  whofe  Height  is  G  £  the  whole  Height  of 
the  Air.  Let  us  imagine  the  Vapours  rifing  out  of  the  Eart^  to  form 
themfelves  into  two  Clouds  A  and  5,  and  to  fettle  in  that  Place 
where  the  Air  is  of  the  fame  fpecific  Gravity  with  themfelv^es. 
It-  is  evident  that  they  will  caufe  the  Air  to  rife  fo  much  higher 
as  their  Bulk  amounts  to,  and  will  therefore  make  the  Surface  which 
was  at  GH  to  rife  up  to  IK^  fothat  the  Bottom  EF  which  was 
prefs'd  by  a  Pillar  of  Air  as  G  £  F  fl;  is  now  prefsM  by  an  higher  Pil^ 
kr  as  /£  jP  JT.  Now  if  the  Clouds  A^  B,  by  any  Caufe  foever,  change 
tiieir  Place,   fo  as  10*  come  downwards»<  (fw  Enamph  to-  C^D)  tte 

Height: 
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Heig^  of  the  Piiliyr  IE  FK  will  remain  the  fame  as  it  was,  and  there- 
fore the  Bottom  £F  will  be  prefsM  as  before  hj  the  foregoing  Propo^. 
fidon. 

'  Cord.  I.]  If  the  Clouds  A  B  defcend,  and  in  their  Defcent  keep 
the  fame  Bulk  as  they  had  before^  the  Surface  IK  will  remain  the  fame, 
and  therefore  E  F  will  be  prefs'd  as  before. 

Cord,  a.]  Whether  a  Body  be  fpecifically  lighter  or  fpecifically  hea- 
vier than  a  Fluid  \  fo  long  as  it  is  detained  in  it,  it  will  add  to  the 
Fluid  as  much  Weight  as  the  Weight  of  an  equal  Bulk  of  that  Fluid : 
Wherefore  a  Body  does  not  lofe  all  that  Weight  which  it  added  to  the 
whole  Weight  of  the  Fluid,  when  it  ceafes  to  be  fuftain'd  in  the  faid 
Fluid  \  contrary  to  Monfieur  LeiMlz^s  Principle. 

ScboL]  If  a  Ckmd  (by  any  Caufe  whatfoever)  becomes  fpecifically 
heavier  than  that  Part  of  the  Air  in  which  it  fwims,  the  Excefs  of  its 
Gravity  above  an  equal  Bulk  of  Air  will  make  it  defcend,  and  accelerate 
its  Motion  downwards ;  and  then  indeed  it  will  lofe  of  its  Weight 
by  the  Refiftance  of  the  Medrnm^  till  it  comes  to  an  uniform  (or 
faifibly  uniform)  Motion  :  but  all  the  Weight  that  it  will  lofe 
will  only*  be  the  Excefs  of  its  Gravity  above  that  of  the  Air ;  for 
with  the  reft  of  its  Weight  it  will  ftill  make  up  Part  of  the  Weight  of 
the  Air. 

Experiment  <.]  Having  with  a  Weight  in  the  Scale  C  of  theFi^.  (^ 
Balance  A  B  counterpoised  the  long  Glafs  of  Water  E  7,  with  a 
Horfe-Hair  I  let  down  the  leaden  Weight^  into  the  Water,  which 
from  FG  arofe  up  to  £//-,  and  therefore  the  Water  became  heavier 
by  the  Weight  of  a  Bulk  of  Water  equal  to  the  Lead.  Having 
with  another  Weight  in  C  made  up  the  Counterpoife  to  the  whote^ 
with  fine  Sciflars  I  cut  the  Thread  of  tte  Plummet ;  and  all  the  while 
the  Plummet  was  falling,  the  Water  defcended  rather  than  role ;  and 
when  the  Lead  was  at  the  Bottom  the  Water  overpoised,  becaufe  it  had 
then  added  to  it  all  the  Excefs  of  Weight  of  the  Lead  above  an  eoual 
Bulk  of  Water,  which  by  Experin^ent  is  about  tt  of  its  Weight.  Had 
Meflieurs  Reaumur  and  Ramazzim  tried  the  Experiment  thus,  the 
Succeis  had  been  the  fame ;  but  M.  Ramazzim  (as  I  underftood  from  a 
Gentleman  who  was  prefent)  tried  it  in  the  following  Manner,  as  I 
have  fince  done. 

Experiment  a.j  Making  ufe  of  the  aboveme^tioiled  Machine,  after  Fig.  7} 
I  had  balanced  the  Water  and  Lead  in  it,  I  fix'd  to  the  End  of  the 
Beam  B  the  Thread,  of  the  Plummet,  which  in  the  former  Experiment 
I  held  in  my  Hand.  This  added  to  the  Weight  hanging  at  £,  and 
obliged  me  to  put  into  the  other  Scale  a  Weight  equal  to  f  ?  of  the 
Lead,  to  recover  the  JSquiliirium.  •  Then  cutting  the  Thread  or  Hair, 
the  Scale  with  the  Weights  overpoised  whilft  the  Lead  was  falling  ^ 
but  the  JBfniliirium  was  reftor^d  when  it  came  to  the  Bottom.  So  tha^' 
the  Lead  even  then  muft  have  loft  only  its  Excefs  of  Weight  above 
Water. 
;  Vofc.  IV.  PartlL  Rrr        *  £)(fi'! 
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E^eriment  j.]    I  tiied  die  Way  propofed  by  Mo^dr  L^Hmtx  m 

the  following  Manner. 

Fig-  8«  I  took  a  Cork  C  weighing  an  Ounce^  and  fomething  more  than  (bur 

times  lighter  than  an  equal  Bulk  cf  Water,  and  a  Biillof  Andmoay  ff^ 
aboiK  Four  times  fpecifically  heavfcr  than  Water,  and  of  ftnir  Ounces 
Weight.  The  Cork  laid  upon  the  Water  in  the  VelTcl  EABD  laisM 
the  Water  from  55  to  G  (7,  and  added  «n  Ounce  to  the  Wdght  of  the 
whole  Water :  then  fufpending  the  Ball  of  Antimony  \!ff  n  Strmg^and 
letting  it  hang  in  the  Water  at  Nj  it  raised  th^  Water  from  GWr  to 
HHj  and  fo  added  another  Ounce  to  the  Weight  of  the  Water.  Then 
tying  the  Antimony  to  the  Cork,  the  Cork  had  added  to  it  three 

Fig.  9,  Quarters  of  the  Weight  of  the  Antinwmy  which  the  Hand  before  lud 
imlainM,  and  made  it  fink  fo  as  to  be  almoft  coi^r^d,  and  ntifed  the 
Water  to  t  *,  adding  three  Otmces  to  its  Weight.  Hanging  this  Vrf^ 
fel  of  Water  upon  the  Balance,  and  a  Counterpoife  at  tte  oAer  End, 
upon  cutting  die  String^  the  Veffel  of  Waar  ^;vas  rats'd  up,  and  die 
JEiuiliMum  was  not  reflorM  till  the  Antimony  came  to  the  Bottom. 

By  obferving  that  as  the  Coric  (being  freed  from  the  Weight  of 
Ae  Antimony)  arofe,  and  that  during  the  Fall  of  the  Body,  the  Water 
^k  to  b'b^  it  appears  that  this  is,  in  Efibdt,  the  fame  Experiment  as 
the  former,  and  concludes  no  more.  As  to  the  real  Caufe  of  the  Va* 
'  •  riation  of  the  Barometer,  siamely,  the  Accumulation  of  the  Air  by 
Winds  over  the  Place  where  the  Barometer  rifes  5  and  Part  o(  the  Air 

Vid.  Supra,   being  blown  away  where  the  Mercury  in  the  Barometer  finks,  fee  Dr. 

V.  U.  p.  20.  flaJ^^s  Account  of  it  in  the  P^l.  Tratpfka.  Num.  i«i. 

Pfffifcript.]  In  makhig  the  firft  Expeiimeut  before  the  R.  Society,  d 
a  Piece  of  Lfead  fufpended  by  a  Tlitead,  whilft  it  was  wholly  cowr'd 
with  Water  in  the  large  Tube  in  which  it  hung  (whofe  LengAwas  four 
Feet)  it  w^cpbjfervable,  not  only  that  the  fiiid  of  the  Balance  (to 
which  the  Yube  of  W^ter  with  the  Lead  in  it  was  fiseed)  did  not  rifc 
when  the  Thread  was  cut,  ito  let  *c  Lead  fall  from  the  Top  to  the 
fiottbtn  of  thfe  Tube)  as  it  imftliave  done  aocordtng  to  M.  Lei^mta^% 
Principle ;  "but  that  the  faid  End  of  the  Balance  began  to  defcend  from 
the  ^tne  that  the  Lead  began  to  fall  Therefore  to  be- fare  that 
it  wasnoftheiJ^Mttimct's  rubbing  agaihft  the  Sides  of  the  Tilbe  In 
its  Fall,  wJiicK  caufed  that  Pbanomenpn^  J  hung  to  theSalanee  a  long 
•  'Ciafs  of  three  Indies  EHatneter  mftead  of  the  Tube,  and  making  the 
Estperiment  as  before,  it  fuccediSed  in  the  fame  manner  :  The  End  of 
the  fcalancc,  which  carried  the'VcBcl  of  Water,  funk  as  feenas  the 
Thread  of  the  Phimmet  \^as  cut^  tho*  this  Glafs  was  not  above  half 
fo  long  as  the  Ti;ibe,  • 

'  When  by  holding  of  the  String  I  drew  the  Lead  upwards  and 
downwards  in  the  Water,  there  was  no  fenfible  Alteration  of  riie 
^quilihrium.  Neither  was  it  altered  by  cutting  the  String  of  a  Stonc- 
Plummet^^  bccaufe  of  -rfie  Shortnefs  of  the  <51ars,  and  the  little  Eiecefs 
of  fpecific  Gravity  in  the  Stone :  for  the  greatcy  the  Difference  is 

...    ^bctwixc 


*/    'if  ibt  Baromcfih  '  ^5 

Wtw{«t  ^  iBdcly  made  uft  i>r  lb  tbb  Exp^^ 

a»  tkdtiggiifi^  tUb  iodf  itfetfiv^  the  better  tlVt  £]|p6rita«hV«(ir  foe- 

Hence  .it  appeor^  ^at  when  %  Bod^  ^jedftcally  hekrier  dian  a 
Fluid,  is  (by  what  Caufe  foevcr)  detained  Ih  any  JPkee  of  the  faid 
Fluid,  it  adds  as  much  to  the  Weight  of  the  whole  Fluid  as  an  equal 
Bulk  of  the  f&l  Fruid  amounts  tot  And  when  the  faid  Body,  by  the 
AAion  of  itsi  Ekoefs  of  fpedftc  Gravity  above  the  Fluid,  defcends 
^Ii4th  an  acoeleratied  Mbtion ;  lb  long  al  that  Motion  is  accelerated, 
the  Refiftance  of  the  Fluid  (which  is  as  the  Square  of  the  Velocity) 
takes  oflFfdmething  of  the  whole  Weight  of  the  Body  1  but  as  much 
a^  the  Body  16fdL  fi>  much  the  Water  gebis^  0¥»  mid  above  whtt  was 
given  It  by  \^  riflng  on  Account  of  riic  immer&M  Body. 

A  Body  therefore  that  falls  in  a  Fluid  is  fo  far  from  making  the 
Fhrid  lighter  as  it  falls»  that  it  makea  it  pnefst  more  upon  the  Bot* 
torn  that'fuftttn^  it,  when  it  is  fclluig«  than  when  it  was  at  rdft  3h  the 
Flui^.  ^  ■'         .  - 

Ifthe'Wflil^jf  Waterbeldngcntfujgl^  for  the  falKng  ^ody  to  eorte 
to'at\  uniform  Motibn  beA>#e  it  reaohes  die  Bottom,  th^  Fe^rcfi*  im- 
prcfs*d  on  thfc  Water  u^der  the  Body  will-  mdce  i«  prefs  tHe  Bottom,  as 
much  as  if  the  Bo(Jy  were  aiShially  at  Bottom,  the  Bodyj  in  that  Cafe 
lofing  all  its^Excefs  of  Gravity  afeove  thjtt  of  the  Water,  ajid  the  Water 
gaining  it.     '  . 

Hence  it  follow^,  that  a  f^lifig  Clou^,  when  it  eonles  fo  anAiniform 
Motion,  will  not  ortly  add  to^the  Weight  cf  the  Aii^  as  imuch  as  the 
Weight  of  ah  cqu^  Bulk  of  Air;  bpt  evei||  ad  mtichiasits  whole 
Weight  amoohts  to»  tho'  it  be  fpedfiqdly  heavier  th^  t|ie  Air  about 
it.  <  ,     .  •,     j 

All  the  Dibinhtion  of  Weight  that  ca(n  be  allowed  in  th^  Cafe  is  this. 
If  we  imagine  ihe  A^ir  to  have  a  fmooth,  regular 'Surfacd,  as  we  have 
at  firft  fuppo^'d,  (or  if  that  not  ftUow'd,  we  ;nay  take  aiiy  Imaginary 
Surfeoe  of  it  above  the  CItfuds)  when  a  filKn^  Cloud  fe  dimini&d-  m 
Bti^,  (to  When  ic  is  ehan^dinto  Rain)  the  Surface  *ef  t9ieA4r  ^JI 
i%it>fide  in  Pfoportion  to  that  DimimKion,  aAd.  tfier«(fore  will  WelgH  ^ 
lefs,  by  fo  much  as  is  the  Wdght  of  ^a  Quantity  of  Air  equal  td  tM 
Bulk  ^t  Clou^  has  loft :  But  wheri  thi  Drops  df  Raiflf  ai^e?  Aecderi- 
tioir  <o*cafion*d  by  their  fixccA  of  Ciravity  «bove  that  of  the  Air) 
are  come  tplan  uniform  Motion  by  Ad  Refiftancdof  the  ^ir,  they  re- 
ftore  to  the  Air  the  Weight  that  it  hacj  loft.  Ndiv  this  vni^rm  Mo- 
tion being  acquh'^'d  in  about  two  Seeolids  of  Time,  and  .the'Diminu- 
tion  of  Gravity  m  the  Air  beiog  infeafible,  when  compared  to  near 
three  Inches  <)f  Mercury  (for  flich  is  tfie  Variatieti  of  tl^e  Barometer ' 
with  us)  can  no  way!  be  the  Occdfioh  of  jthofe  fo  fenfible  Alterations  in 
it^  which  hap*pcn  fo^e  time  before  Raii^  or  Fair  Weather..     '  • 

•     '  ••    Rii  a,  ■         .■     /IM 


1 6  Experiments  made  naltb  the 

^Mdt$  tbis^  tbat--tbe  wbJe  S»^mtiiy  of.Rain  that  falls  m  Eogjbnd  smi 

,   FraacCf  inibi Space cf  cm Teary.fiMraevenjuab  two lacbes  ^Mcr- 

CU17 :  And  in  mcjt  Places  between  /i(#  Tropicks,  the  Rains  fall,  at  ur* 

'    tainjkafensj'  in  very  great  ^tfontities^  and  yet  the  Bftromccer  jkov  eJbere 

very  little  or  no  /iteration. 

SxpHmnits   .    ^I-  Thefe  Barometrical  Experiments,  for  inquiring  into  the  diffincnc 

madtwitb  tbi  Ebfticity  of  dilFerent  Kands  of  Air,  were  made  by  help  of  a  Tube  ja 

IkTur^T     Digits  long,  Paris  Meafurc,  and  2  Lines  Diameter,  in  different  Parts 

Sekeuchzer.    o^  ^^'^^^^^^^i  on  occalion  of  an  Ezcurfion  Upon  the^i?^/,  undertakca 

in  September  I  y  14^ 

The  firft  Column  fhews  the  Air  left  in  the  Tube.  The  fecond  the 
Height  of  the  Mercury  above  the  Superficies  of  the  Qukkiilver. 
The  third  the  Spaces  of  the  expanded  Air.  •  The  fourth  (hews  the 
Defcent  of  the  Mercury  becaufe  of  the  Air  that  is  left. 

Sept.  6.  At  Zurich^  the  Height  of  the  whole  Barometer  at  8  a-CJock 
before  Noon  was  26  Paris  Digits,  4  Lines.  But  at  9  i  it  was  a6 
Dig.  4  f  Lines. 


Dr.  J 
uchzer. 
n.344.p. 
z66. 


Column  L 
Digits. 

3 
6 


9 
12 

15 
18 

21 

24 
27 

SO 


Column  II. 
Digits.     Lines. 
19     9  Twice. 

16      8 
.16      7{ 


11 
9 
7 
7 
5 

3 

I 

o 


II  Twice. 
9  Twice. 

v\ 

6 


Column  III. 
Digits.    Lines. 


12 

15 

20 
22 

44 
24 
27 
28 
30 
31 


6}  Twice. 

7i 


Tmce. 
Twice. 


I-} 


8 

o  Tmce. 
1 1  Twice. 

7  {Twice, 
lot  Twice. 


Colomn  IV. 
Di^ts.    lines. 
6 
9 
9 

14 

16 
18 
18 
21 

33 

24 
z6 


7{ 
Si 

9 

74 
II 

loi 
If 

i| 
loi 


Sept.  II,  in  a  Plain  of  the  ^/  call'd  (CancnCirtBtll  sm  JUKtm,  near 
the  Mountain  Liiert  under  the  Government  of  Gkrys,  at  one  in  the  Af> 
ternoQnt  ^e  Sky  being  dear,  the  Altitude  of  the  whole  Barometer 
33.  10  Twice. 

Column  III. 
Digits.    Lines. 


Column  I. 
Digits. 


9 

12 

18 
«i 
«4 

27 

30 


Cblumn   II. 
Digits.    Lines. 


18 
15 
»3 
II 

t 

4 

3 
I 

o 


3 

li 

o 
II 
II 

o 
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«3 
16 

18 

20 
22 

26 
28 
30 

a) 


6 

4 
7 
9 
9 

o 
10 
10 

5 
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Cdumn  IV., 

Digits. 

Lines. 

5 

3 

8 

2i 

10 

7 

12 

8i 

14 

10 

16 

II 

18 

II 

20 

10 

22 

6 

as 

5 

Sepc.12; 


Barometer /;«  Switzerland. 

Sept.  12.  At  7  befere  Noon,  tbe  Sky  clear,  «tiffll9t{^anBinaiience 
of  the  Mountain  JUiiTt  the  Altitude  of  the  whole  Buometer  was  z  i.  8* 


ir 


.Column  L 
Digits. 

I 

9 

12 

i8 

%l 

24 
27 

30 


Column  II. 
Digits.    Lines. 


17 
14 
12 
10 
8 
6 

4 
2 
I 

o 


I 

5 
5. 
5 
7 

9* 
4 
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Column  III. 
Digits.    Lines. 


H 

17 

19 
21 . 

«3 
25 

27 
29 

30 

3L 


6 
6 

3 

I 

oi 
6 
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Column  IV. 


15igits. 

4 

7 

9 
II 

»3 

15 

»7 
18 

20 
21 


Liaes« 

2 

t 
2 

3 

3 

3 
1 

lOs: 

4 
5 


Sept  12.  At  9  before  Noon,  the  Sky  clear,  Mff  Hem  SfattOlCtacf* 
•n  Ecoinenoe  of  the  Mouiuun  JUiery  the  Altitude  of  the  whole  Baro- 
meter was  2f.  6.  . 

«4 

17 

19 
21 

23 
25 
27 
29 
30 

3» 
Sept.  14.  At  i!2  within  the  Iron  Miae  9t  Sarututaf  about  300  Paces 
ftom  ^eEntranc^,  the  3ky  without  being  clear.    The  Height  of  the 
whole!  Barometer  was  24.  4.  and  24. 3. 
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3i 

I 
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II 
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3 
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.3 


'I 
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18 

20 
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27 
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30 
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I 

5 
7 

9 
10 

o 
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S 

8 

10 

»3 
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J9 
21 
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24 


7 

7 

II 
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3 

4 
5 
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I  obferved  the  fame 


Out  of  tlus  Metallic  IVfine,  in  the  open .  Air» 
Altitude  of  the  Mercury  in  the  whole  Barometer,  alfo  in  3  and  9 
Digits  of  Air  that  was  left  in  the  Tube.  But  it  muft  be  obferved, 
that  in  die  inmoft  Parts  of  the  Mine,  where  I  made  my  Experiments, 
the  Aur  was  rarified  by  means  of  a  Fke  lighted  the  Day  before,  (with 
which  the  Miners  mollify  the  Hardnefs  of  the  Veio,)  and  the  Place  was 
moderately  warm'd  like  a  Stove. 

-  '  n.b; 


Ohfervhifm  9R  ^^^^^^RT 


1%^ 

Schcuchzcr  '  .   - -.    i-       «  .    ..-  •  ^     .#    •  ^.j  .^.^     ».^^l       t  r 

Diffirence 

the  Tube. -..-, ^^ ^.^.  — j o-v^  v  -  w  ^    ,.  -         ^   ^ 

/A/  7«A^  ^/  //it/iV/i  iwftf  /^iftrf  Pflr/j,  ijf  /kWi^  ^*'  Mercury  in  by  degrees ^  infieai  of  taking 
Parts  equal  in  Length. 

VII.    Obfervations  on  the  Weather  th  a  Voyage  to  China,  1709,  ty  Jk&-. 


Needles  in< 
din.  or  ]>e 
preiTioii  ^f 
the  N.  or  S. 
.  Point  uUer 

:\.:  '\    ^^    '     \'  jftertorizon 

VariaMeSre^aae&,  an^  **!!•  saK 
10  Hours  calm. 


FT 

Utitudi  Philcf. 
H,  or  S,  Baroti 
Altit 


Weather, 


jdaioy  and  Cloudy* 


SI 

Im 


Needles 
Vairia- 
tip<r  E. 
orW. 


Rainy     and    cloudy.N' S  by  W  S  W  blf 
with  Lishtning.     |     aiid  1 6  flours a|i 
IVariable  Sieezcs  (tnd 


Fair, 


Fair  wichRain  at  noon 


q.i  Houfs^calnH 


Variable. 


Fair  and  cloudy^  Rain  Vari 
in  the  Forenoon. 


Rainy  and  doady. 


Variable  with  9  hdurs 

^ 6iL\m,       '         I 

Fair  and  doudy  with  Valiabie  1^81  4  h^urs 


fome  Rain. 


Fair  and  dou^. 


Small  Oiditt  Mtti  E 
by  S  to  S  E  by  S 


Fair  and  pleafant. 


JFair  and  pleafant. 


£a{>  at  &S£» 
gE  by;E. 


Fair  and  pleafant. 


Fair  and  pleaiant. 


Fair  aind  pkafant. 


Fair  and  pleaiant 
one  Shower. 


withE 


^air  and  doudy  with 
fome  Squalls. 
Fair,  with onftSyiail.  g»y  N  10  B  $  ;:.  ^ 


Fair  and  pi 


Fair  and 


pleaiyt.  , 


Fair  and  cloudy  with  /^ 
one  Shower^  ^ 


Fair  with  one  Shp^^r, 
1     ■  fci  i»  ^: 

Fair  and  cloudy  witA 
feveral  Squalls 


iablc. 
iable. 


ridi  Q  hdu 


Longi- 
tude E. 
from 
St.Jagi 


csilm. 


Eafy  Gaits  horn  E 


by  S  t<tSEby|E. 

a§  at  I  S  E»  knc 


Eafy'at  Sk  by]  £ 


atadSB. 


Fine  Gales  6  EbJE. 

Se 


iL  S£  fine. 


i 


»an( 


id<£byS. 


£  t7  S  and  £ 
.4--. — si 1 


S  by  S  ^cd  £. 


byStpfcby  N. 


fmall. 


Fair  with  2  ShbWs.^  InN£  to  £  by  N  eafy 


thttmdtim 


t9 


NNE  tQ  N  NW, 


NNfitoNEbTT. 

N'EbyNtoNlTl 


NE  by  E  to  n: 


WNWto  WSW. 


Witttbec. 


F(iir  with  a  Shower, 


Fair  and  jleafant. 


Ff ir  and  pleafant. 


Fair  and  pleaiant. 


Fair  and  plealknt. 


W  N  W  to  N  by  B 
fieft. 


NWtoWmodmte; 


WtdlTW  moderate. 


W  to  S  rrdh. 


SbyEtoSEbyE, 


ESEand  E  by  S. 


E  by  S  to  £  by  N|Fair  and  cloudy. 
nod^fate. 


E  by  N  to  SK 
£  fmall. 


by 


S  E  to  8$\y moderate.  Fair  and  cloudy. 

S  to  S  S  W  blowing  Qote  and  {qualiy . ' 
hard. 


S  by  E  &  S  modcrafie. 


S  by^'toSEbyE- 
SSEtoEbyS. 


Cloudy  &  fqually  with 

bLSMIMA  IjtfflllBHHE* 

Squally    with  "^mucii 


Uncertain  withThun- 


Fair  ftml  eloody. 


Qotidy  and  iqually. 
Squally  and  cloujy.' 


Pair  and  cloudy. 


Fair  and  cloudy. 


Gray  and  cloudy. 


Squally,    dofe 
clou4y. 


and 


Dry^  dofe  &  cloudy 


E  by  Sto  E  by  N  eafy 'Fair  and  .dofe. 
Variable  andibaall.    [Faij^nd  clofc. 


NtoNWbyNxafy. 
N- by  W  to  NNE 


Fair  ^d  iercne. 


Fair  and  ferene, 
ifometimes  plofe. 

N  by  £  to  "N^N'WlFaar  andfercnc. 
a  £ne  Gale. 

N  to  N  N  W. 


FTnwTo  S  W  and 


fSWtpN  Weafy. 


NWhyNtoWeafy. 
IWtoSSEfinc.      ' 


S  to  W  S  W  fine. 
SSW  to  WSW  fmall 


ISW  by  ScoSE  by 
Seafy, 


Fair  and  ferene^  thift 
Forenoon  dondy. 

Thick    and  fqually, 
this  Foranoon  fair. 


Fair  and  cloudy. 


Fair  and  cloudy. 


Fair   and 
fqually. 


fpniniinft 


Variable  Weather. 


Fair.and  pleafisnc. 


Vambie. 


Weather 


1 
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Weuia. 

1 
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Winda. 

ms  on  the  Weath 

Nccdlcslft.               Longl- 
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under     the  or  W. 
Horizon. 
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^Ine  moderate  Wea- 
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6  35  W 

93  20  E 

19    J4S 

18  02  9 

>««i 

The  iame. 
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The  fame. 

E  by  N  to  S  E. 

♦  42W 

96  17  £ 

12    26  S 

II  4}S 

s 

54 

8 

The  fame. 
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Variable  Breezes. 

2  33  1!. 

6  29  S 

0 
0 

3**. 

Fair  with  fome  Rain. 
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N.  or  S.  Po-  tion  E.     from    tude  N. 
under     the  or  W.      Pulo       or  S. 
Horizon.                   Condore 

phiior. 

Barom 
Ald- 
tnde. 

TherJ 
Altit. 
below 
Ex- 
tream 
Heat 

Day 

of  the 

Moe. 

Fair  and  cloudy. 

N  E  froall. 

dif. 

3» 

2ii 

•9    , 

The  fame. 

NNEtoENE. 

JO 

29 

30 
30 

20 

Cloudy    with    fome 
Rain. 

NNE  to  SE. 

24 

21 

Fair  and  cloudy. 

N  to  N  W  frefli. 

»S 

12 

Pair  and  pleafant. 

N  by  W  to  W  N  W 
fmall. 

26 

23 

The  fame. 

S  and  S  S  £  fmali. 

S« 

*7t 

»4 

The  fame. 

S  £  moderate. 

28 

»4 

*S 

The  fame. 

SE  to  S  by  E  moderate 

26 

26 

Cloudy    with    fome 
Rain* 

N   W   to   N   byW 
moderate 

«7 

20 
J64 

^7 

Thick  and  hazy  with 
Rain. 

NW    fmall,    fofflc- 
times  frefh. 

45 

28 

The  fame. 

N  W  to  N  moderate. 

59 

45 

*9.. 

Fair  and  cloudy. 

N  N  W  to  N  by  E 
fmall. 

46 

3a 

The  fame. 

NW  fmall. 

65 

47 

J» 

iV^/^  I.  That  the  Altitude  of  the  Spirits  in  the  Thermometer  and  Philofo- 
phical  Barometer  was  commonly  taken  at  Noon. 

NoU  2.  That  the  Account  of  the  Winds  and  Weather  at  Sea,  is  fmm 
Noon  to  Noon, 

NoU  3.  That  the  middle  Inclination  of  the  Dipping-Needle  is  fet  down 
with  the  Difference  alfo  which  was  made,  as  either  Side  of  the  Compafs  was 
tum*d  Eaft  or  Weft :   Which  Difference  at  firft  was  not  taken  Notice  of. 

From  whence  this  Difference  ihould  arife,  I  cannot  determine,  the  Compafs 
feeming  to  be  juftly  pois'd  and  equally  divided. 

For  the  few  Chafmata  in  the  Columns  of  the  Thermometer  and  Barometer, 
there  needs  no  other  Apology,  than  that  I  was  not  on  Board  to  take  an  Account 
of  them  my  felf. 


J  Rig^ir  ff   VIII.  Note  I .     The  Ifland  X^Jan  if  in  30®  25^  N.  Latitude  upon 

hnin  China  ^^^^  ^'  That  the  following  Obfefvations  were  of  «a  porubleBa^ 
1700.  fy  Mr.  rometer  from  England  i  which  by  a  Barometer  let  up  here  were  al* 
j.  Cunning-    yf^^y^  ^^  of  an  Inch  lower. 

*9*-    Note  3.    That  the  Barorheter  ftood  about  18  Feet  above  the  &- 
perficies  of  the  Sea  at  high  Water. 


ham.  n. 
p.  1648. 


Grey 
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I,  Grey  cloud/  Weather,  very  cold  and  moderate  Gales  from  NT  W  ^^"^-^'^^'oer 
to  N.  "-/^^ 

^.  Gtey  cloudy  Weather  with  moderate  Gales  from  NW  to  N, 
tnd  very  cold. 

3.  Grey  cloudy  Weather,  very  cold  and  fmall  Gaks  from  N  by 
WandNNW,    At  Night  little  Wind  and  more  ferene. 

4.  Grey  cloudy  Weatli^r,  very  cold  and  moderate  Gales  at  NN  W 
andNbyW, 

5.  Fair  and  ferene  Weather  with  fmall  Gales  from  N  N  W  to  N. 
The  Air  temperate. 

6.  Fair  and  pleafant  Weather,  with  fmall  Gales  at  N  W  and 
NNW. 

7.  Fair  and  pleafant  Weather,  fomewhat  hazy,  and  fmall  Gales  at 
NNW.    At  Night  calm. 

8.  Fair  and  pleafant  Weather,  with  fmall  Gales  at  N.  At  Night 
little  Wind. 

9.  Fair  and  ferene  Weather,  with  fmall  Gales  at  N.  At  Night 
calm. 

10.  Very  ferene  and  warm  Weather,  with  fmall  Gales  at  N  by  W. 
In  the  Night  calm. 

I I.  Dry  and  ferene  Weather,  with  fmall  Gales  from  S  £.  At  Night 
calm. 

12.  Dry  and  ferene  Weather,  with  fome  fmall  Northerly  Breezes.  At 
Night  calm. 

13.  The  Morning  foggy,  all  Day  ferene  with  fmaU  Breezes  at 
NNW. 

14.  The  Morning  grey  and  cloudy,  toward  Noon  thick  hazy  Wea- 
ther widi  drizling  Rain  till  8  at  Night.  All  Day  frelh  Gales  from  W 
by  S  to  N  W.    At  Night  lefs  Wind  and  fair. 

15.  Grey    cloudy  Weather  with  moderate  Gales    from  N  W  to 

16.  Fair  and  pleafant  Weather  with  fmall  Gales  from  N  to  N 
byE. 

17.  Dry  and  ferene  Weather  with  fmall  Gales  at  N  N  W. 

18.  Grey  cloudy  Weather,  with  moderate  Gales  from  NW.  In 
the  Night  cold. 

19.  Dry  Weather  fomewhat  cloudy,  with  fmall  Gales  from  N  W  to 
N.  Cold  at  Night. 

20.  Dry  and  pleafant  Weather,  with  fmall  Gales  at  N  N  W. 

21.  Fair  and  pleafant  Weather,  with  fmall  Gales  from  W  by  S 
to  NW. 

22.  Fair  and  pleafant  Weather,   fomewhat  hazy    with    Gales  at 
,  SE. 

23.  Fair  and  pleafant  Weather,  the  Afternoon  overcaft,  with  mo- 
derate Gales  at  N  W  to  N. 

^4.  Dry 
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24..  Dry  Weather,  fomewbat  cloudy^  with  modente  Gales  from 
W  N  W  to  N.  .       • 

25.  Fair  and  pleafanc  Weather,  with  fmall  Gales  from  N  by  W.  At 
Night  calm  and  cpld. 

26.  Fair  and  pleaiant  Weather,  with  fmall  Breezes  at  N  W,  f<x-  die 
moft  part  calm.     2  Altitude  30  A. 

37.  Grey  cloudy  Morning,  with  fmall  Gales  at  W  N  W.  8  Altitude 
30  A.  In  the  Afternoon  fair  and  pleaiant  with,  fmall  Soudierly  Breezes. 
At  Night  calm. 

28.  Fair  and  pleafant  W^eather,.  with  fmall  Gales  at  N  W.  S  30  tif. 
The  Afternoon  imall  Breezes  at  S  W.  At  Night  calm,  and  the  Breezes 
veering  to  N,  the  Air  tenjperate.   S  30A. 

29.  Fair  and  ferene  Weather,  with  Calms,  tf  30  ^.  In  the  After- 
noon fniall  Gales  at  S  E.  At  Night  grey  cloudy  Wether,  the  Gale 
veering  to  N.   S  30  A. 

30.  A  grey  cloudy  Morning,  with  moderate  Gales  at  N  W  and- 
W  N  W.  S  30  A.  All  Day  more  ferene.  In  the  Evening  ovcreaft, 
and  fome  Rain  at  9  oT  the  Night.  . 

Decmkr  j.  Qrcy  cloydy  Weather  all  Day  and  Night  with  frefli  Gales  from- 

'7"^-  N  «o  N  E.     »  30  iW  falling  to  30  ^. 

3.  In  the  Morning  fair  and  ferene.  9  30iAr.  Since  overcaft  and' 
grey  cloudy  Weather,  with  moderate  Gales  at  N  N  E  and  N.  In  the 
Evening  fome  Drops  of  Rain,  and  ibmetimes  blowing  freih  in  the 
Night,  and  very  cold. 

4.  Grey  cloudy  Weather,  with  moderate  Gales  at  N  to  N  W. 
9  30  i^  at  Night  falling  to  30  iv,  then  almoft  calm. 

5.  A  grey  cloudy  Morning,  towards  Noon  more  ferene.  9  30  iv. 
Frefli  Gales  at  N  E.  In  the  Evening  overcaft,  with  fome  Drops  of 
Rain.    Little  Wind  all  Night; 

6.  A  grey  Morning  fomewhat  cloudy,  and  a  fmall  Breeze  at  N  N  E. 
9  30  ^.  In  the  Anemoon  overcaft,  with  the  Wind  at  S,  and 
fmall  Drops  of  Rain.  The  9  falling  to  30  A.  Some  Rain  in  the 
Night. 

7.  Clofe  thick  Weather  with  drizling  Rains  all  Day  and  Night,  and 
fmall  Winds  at  N  N  E  and  N.     5  30  A. 

8.  A  grey  cloudy  Morning  with  fome  drizling  Rain,  and  moderate 
Gales  at  N  and  N  by  W.  9  rifing  above  30  ^.  All  Day  and  Night, 
overcaft ;  the  9  as  before. 

9.  A  grey  cloudy  fliarp  Morning,  and  fmall  Winds  at  N  N  W. 
9  30  A.  Cloudy  all  Day,  and  towards  Evening  clofe  Weather  and 
calm.   9  30  ik. 

ic/  Dry  Weather  fomewhat  grey  and  cloudy,  with  fmall  Breezes 
at  N  N  W.  9  30  ^.  All  Day  overcaft  with  variable  Breezes  inccr- 
mix'd  with  Calms.   9  as  before. 

2  II. Fair 
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f  I .  Fair  ^d  pleafant  in  die  Mornxog,  liiice  brercaft  ^tb  VarttWe 
Breezes,  the  S  as  before. 

12.  Grey  cloudy  Weather,  in  the  Foitooon  fmall  Gale  at  S  E-.  9  30^, 
In  the  Afternoon  the  Gale  frelhning  at  N  W.  5  jo  4  With  fome 
Eain  all  Night. 

13.  Grey  cloudy  Weather,  with  moderate  Gales  from  N  W  to  Ni . 
5  30  ^    Cold  all  Night. 

14.  A  (harp  MoriUBg  and  fair  pleafiint  Weather,  with  fihall  Galea 
^NNWandN.  5  30^.     At  Night  calm.   5  30/3. 

15.  Fair  and  pleafant  Weather,  with  moderate  Q^^  at  S  £•  6  jo 
^>  falling  to  30  ^ 

1 6.  The  Morning  fomewhat,  cloudy,  with  finall  Gales  at  SE.  9 
30  ^  At  Noon  vcer*d  to  N  W,  and  the  Sky  overcaft  -,  at  Night  fome 
Rain,  much  Wind  and  Cold. 

.17.  A  (harp  Morning  and  grey 'Cloudy  Wejjher,  with  mo4^ste 
Gales  from  N. W  to  N  N  W,  $  30  js-  All  Day  bycrcaftr  at  Night, 
litde  Wind  and  much  Rain. 

1 8.  Thick  clofe  rainy  WeathetVaU  Day  and  Night^  with  fmall  Galea 
etNW. 

-    19.  Grey  cloudy  Weather,  with  itiOderate  Qalies  at  N  W  to  N,.  5  /g. 
Some  Rain  at  Night  and  very  cold,  ^ 

ao.  Grey  cloudy  Weather,  with  moderate  Gales  at  N  N  W.  9  36 
^    At  Night  little  Wind.  . 

21  Grey  cloudy  Weather  and  cold,  with  moderate  Qaka  front 
NNWtoNW.     5  30  fe.    At Night^drizling Rain*.  5  30^.  . 

22.  In  the  Morning  clofe  Weather,  with  drizlin]^  Rains  and  mo^t:^ 
rate  Gales  at  N  W  and  N  N  W.  5  30.  ^  .  The  Afteoiopa  dryj  grey 
and  cloudy. 

23.  A  grey  cloudy  Morning  and  calm,  9  30  j^  towards  No^nmore 
ferene  and  a  fmall  Breeze  at  £  S  £.  In  the  Evening  QVerc;^  with  fom^ 
Rain  ahd  frelh  Gales,  all  Night  at  N  N  W. 

24.  Grey  cloudy  Weather,  fomewhat  clofe,  with  frefh  Gales  from 
NNWtoNWbyW. 

25.  Grey  cloudy  Weather,  with  moderate  Galea  at  N  W^ 

•  .  26.  Clofe  Weather  with  drizling  Rains,  and  fmalf  Breezes  at  N  £, 
for  the  mod  calm.    In  the  Night  the  Gale  freihned  at  N.  Q  30  ^ 

27.  The  Forenoon  grey  cloudy  Weather,  and  fmall  Gales  at  NNE. 
S  30  £.  The  Afternoon  and  all  Night  clofe  Weather  with  drizlijag 
Rains,  the  Breeze  veering  to  £  N  £. 

t     28.  Grey  cloudy  Weather  with  fome  drizluig  ](lains,  and  fsQall  nor* 
thcrlyGales.   8  30  ^. 

t     2^  In  the  Morning  fomewhat  fair»  then  overcaft  with  drizling  R^ns 
and  clofe  Weather  all  Day  and  Night,  fnuU  Gates  from  N  N  £  jtjo 
fNE.     9  3oi. 

Vofc.  IV.    Part II.  Ttt  iP*  A 
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I  30.  A  gmr  ckodf  Monngt  w^  B  30  ^    M 

I  Day  the  foitfaid  Weather. 

31.  In  the  Nfofnrng  fair  and  pleaiaiic,  with  fmall  Gales  at  SEL  9 
30  j^  In  the  Forenoon  ov^rcaft,  9  fidling  to  30  ]fe.  The  Afternoon 
and  Night  clofe  thick  foggy  Weather,  with  (bme  drizling  Rain  and. 

catm. 

• 

Januafy,  I.  Dry  Weather,  fbmewhat  clofe,  with  fmail  Gales  at  S  E.    9  30  ^. 

1701.  The  Afternoon  overcaft  and  clofe  Weather,  with  fmall  Gales  at  £  S  &. 
9  fafling  to  29  H,  and  much  Rain  fai  the  Night. 

2*  Clofe  Weather  and  drizling  Rains,  with  moderate  Gales  at  NNE; 
^  30  73.    At  Night  blowing  frefli,  B  rffing  to  30  jb- 

3:  Clofe  and  cloudy  Wecuiiery  with  drizling  Rain,  and  moderate 
Gales  at  >J.     3  30  ^ 

4.  A  grcff  cloudf  Momirtg,  ^h  moderate  Gales  at  N  E.  ff  30  ». 
Aftemodn  clofe  attd  thick  Weather,  with  drizling  Rains.  S  y).  Muc^ 
Rain  in  the  Night. 

5/  'Jtikk  clofe  Ainy  Weather,  wich  moderate  Gales  at  N  E.  9  30 
j'o-     At  Night  fair  and  cold. 

6.  A  g^  cloudy  Mbmiflgy  wMi  f«efli  Gales  at  N  E/  9  30  ^  At 
Noon  30  ^.     At  Night  30  ^,  and  fome  Rain. 

7.-  Ck)fe  and  cloudy  Wether,  in  the  Morning.  9  30  4^.  Towards 
Noon  drizling  Rains,  and  encreafing  in  the  Afternoon,  with  foudi 
Wiftds  at  N  E.     Q  90  2- 

8.  Thkk  clofe  and  cloudy  Weadver,  with  drizling.  Rams  and  fmatt 
Gafees^atNE.     S  30^. 

9.  G}ofe  and  <rloudy  Weather,  widi  drizling  Rains  and  fmall  Gales 
atESE.  5  30  |j.    At  Night  fair.     5  30^. 

Id.  A  grey  ck>udy  Morning  with  frefli  Gales  at  N.  9  30  £.  In 
Che  Evening  and  adl  N%ht  rainy  Weather. 

1 1.  A  clofe  and  cloudy  Mormng  With  drizling  Rakis  and  fmall  Gales 
at  N.  V  ^0  £.     AD  Day  the  aforefaid  Weather* 

12.  Thick  clofe  rainy  Weather  all  Day  and  Ni^t,  with  moderate 
Gales  at  N N  W.     B  30 *.    Much  Raiaat  Night. 

13.  Very  thick  clofe  rainy  Weather,  with  frefli  Gales  at  NW. 
»  3a     In  the  Night  cold* 

14.  A  fliarp  cold  Mornings  with  much  Snow  fidting  and  clofe  Wea- 
ther, with  freih  Gales  at  N  W.  9  30  j^.  Continued  Snowing  a  littlb 
all  Day  and  Night  following.     S  30  ^. 

15«  Fair  Weather,  freezing  hard,  with  fome  Smi-fliining  and  irefli 
Gales  at  NN  W  and  N  by  W.   »  30  Is. 

1^6.  Fair  and  ferene  Weather  all  Day  and  N^bt,  freezing  hard,  with 
*Gi4cRite  Gales  at  N  N  W.   »  30  ^.     The  Sun  mekiog  the  Snow. 

i  7.  Fair  and  ferene  Weatherl^  (the  Sun  diflblving  moft  of  the  3now) 
with  fre(h  Gales  at  N  by  W.  8  30  ^.  At  Night  fomewhat  cold, 
IrMiing  hard« 

i8.  dtcf 


I 


t8.  Grejr  doudy  Weather,  frdetdng  bard,  wkh  AKxkrate  Gs|Ie&<  at 
TJ  by,  W.  2  30  5{.     At  Night  rifing  to  30  j|. 

*  19.  Grey  cloudy  Weather,  with  little  Froft^  ahd  moderate  Q^ts  at 
NNW.  8  30S. 

.  20.  Grey  Cloudy  Weather,  foinewhat  cloie,  with  moderate  Qales  at 
I^  N  W.  9  30  £)  freezing  in  the  Mornings  and  inclining  to  thaw  at 
NighL 

21.  In  the  Morning  fomewhat  ierene,  the  reft  of  the  Day  overcaftf 
Vith  moderate  G^  at  N  W»  wd  fome  Thaw.     ^  29  & 

22.  Fair  and  ferene  Weather,  with  fmall  Gales  at  W  N  W.  ?  30  4- 
tiiawing  all  Day  with  the  Heat  of  the  Sun,  at  Night  cold,  but  not 
freezing.   S  as  before. 

23.  Grey  and  cloudy  Weather,  with  fmalt  Gales  at  S  £,  thawing  a 
little.  S  3fo  ^.    At  Night  much  Rain  and  calm.   S  30  3^. 

24*  A  fair  and  ferene  Morning  with  fmall  Gales  at  N  N  W  and  N. 
S  30  j^.     All  Day  overcaft,  and  drizling  Rains  4II  Night. 

25.  Clofe  hazy  Weather,  with  drizling  Rain  and  no  Wind*  8  30  ^. 
At  Night  much  Rain. 

26.  Very. clofe  hazy  Weather,  with  drizling  Rgins  and  fmall  Breezes 
at  S  £•  S  30  ^.  In  the  Afternoon  falling  to  29  3I,  at  Night  much 
Rain,  the  Wind  veering  to  N  N  W,  blowing  fometimes  in  Gidls. 

27.  Clofe  Weather,  with  drizling  Rains  and  moderate  Gales  ac 
HW.  9  30  25,    In  the  Afterooon  fair,  and  at  Night  freezing. 

28.  Grey  cloudy  Weather,  freezing  hard  all  Day,  with  moderate 
Gali^  from  N  W  to  N.  9  30  ^.  Tbis  Day  Mi^  NiwA^n,  ^^^^  ^^^ 
CSiinefe  Neva  Tear. 

29.  Fair  and  ferene  frofty  Weather,  with  moderate  Gales  at  N  by 
W.  B  30A. 

30.  The  Morning  fair  and  ferene,  all  Day  overcaft  with  moderate 
Gales  at  N  to  N  W.  5  30  i.    Frofty  Weather. 

31.  Fair  and  fetene  Weather,  freezing  bard,  with  moderate  Gales  at 
WNW.  8  30^. 

i^  Fair  aod  plealaot  Weather,  with  fnull  Gales  from  W,  veering  to    rdfruary 
SSE,  andatNighttoNNW,  butnoFroft.     530^.    * 

2.  Fmr  and  ploifaQt  Weather^  in  the  MOfning^  little  Wind,  in  the 
Forenoon  fine  Gales  at  NW.  9  ^  £.      At  Night  UtUe  Wind. 
.  3.  Dcy  Weai&er,  fomewhat  oyerc^t  wtth  fmall  Galea  at  NW. 
,5  30  ^.     At  Night  little  Wind. 

4.  Dry  Weather,  Somewhat  clofe^   with  foiall  Gaks  at  S  E.     S 

30 ».  ' 

5.  Fairai^doudyWeadieflr*  ^tb  fma|l  G^ks  at  N  W.  9  30^1. 

6.  The  Morning  clofe  and  orercaft;,  the  Aftpraoon  iaeoe»  with 
fmall  Gales  at  NW.  5  ^A* 

Tt  t  2  7.  Fair 
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rjk  Fair  and  cloudy  Weather,  with  fmall  Gales  at  N  N  W.   ^\ 

8.  Fair  Weather,  fomewhat  cloudy,  with  variable  Breezes  rcHind  the 
Compafs.     S  30  A. 

9.  Fair  and  pleafant  Weather,  with  fmall  Breezes  at  S  E.  S  30  -h^ 
At  Night  little  Wind  from  N  N  W. 

10.  Cloudy  Weather,  with  moderate  Gales  at  N  by  W,  in  the  Af- 
ternoon and  all  Night  drizling  Rains.     $  30  i^. 

1 1.  Clofe  Weather,  with  drizling  Rains  and  fmall  Gales  at  N  by  W. 
5  30  A.     All  Night  much  Rain. 

12.  Clofe  Weather,  with  fome  drizling  Rains  and  (mall  Gales  at 
NbyW,  andNNW.     2  30  A. 

1 3.  Fair  and  pleafant  Weather,  with  fmall  Gales  from  N  to  S  S  E. 
5  30  A. 

14.  Clofe  and  cloudy  Weather,  with  drizling  Rains,  and  fmall  Gales 
at  N  N  W.  9  30  «^o.  Afternoon  and  Night  fair,  pleafant  and  calm, 
tf  as  before. 

15.  Fair  and  ferene  Weather,  and  no  Wind.  2  30  A.  The  After- 
noon overcaft,  with  clofe  Weather,  and  moderate  Gales  at  S  E,  and 
fome  Rain.     S  30. 

16.  Cloudy  Weather  and  fomewhat  clofe,  with  fmall  Gales  atNNW^ 
8  29  i*.    In  the  Night  frefticr  Gales. 

17..  Grey  cloudy  Weather  with  moderate  Gales  at  NNE.  * 
30  A. 

18.  Grey  cloudy  Weather,  with  moderate  Gales  at  N.     5  30  A. 

19.  Grey  cloudy  Weather,  with  moderate  Gales  at  N  N  W.  9 
30  A. 

20.  Grey  cloudy  Weather,  with  fmall  Gales  at  N  by  W.  5  30  w^ 
Very  cold  with  fome  Sno^  at  Night. 

21.  Grey  cloudy  Weather,  widi  fmall  Gales  at  N.  2  30  A.  Some 
Snow  this  Morning,  whitening  the  Tops  of  the  Hills  and  lying  all 
Day. 

22.  In  the  Morning  fome  Sun-fhinii^  diflblving  the  Snow ;  all  Day 
grey  cloudy  Weather,  and  temperate  with  fmall  Gales  at  N  N  W* 
^  30  A. 

23.  Dry  Weather,  fomewhat  cloudy,  calm  in  the  Morning,  at  Noon 
blowing  frefli  from  N  W  till  Night,  then  little  Wind.     9  30  A. 

'    24.  Fair  and  pleafant,  with  fmall  Gales  at  S  E,  the  Afternoon  calm, 
at  Night  moderate  Gales  from  N  N  W.     5  30  ^. 

25.  Fair  and  pleaiant,  with  moderate  Gales  at  SSE  and  SE.     9 
30  v»' 

26.  Grey  cloudy  Weather,  with  drizling  Rdns  all  Day  and  Nigh^ 
and  moderate  Gales  at  S  E.     S  30  h. 

27.  Fair  Weather,  clearing  up  with  fmall  Gaks  at  S  £; 

2S.  Fair 
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.  It 8.  Fair  and  plealant  Weather,  with  fmall  Gales  N  W.    la  the 
Afternoon  veering  to  W  S  W,  and  about  to  S  E.     9  30  ^5.  • 

1.  Dry  Weather,  fomewhat  cloudy,  with  moderate  Caleb  at  SE..Af«rcA, 
8  30  ife. 

2.  The  Morning  fair  and  very  ferene,  the  Afternoon  overcaft  with- 
fmall  Gales  at  S  £.     $  30  tV 

3.  The  Morning  fair  and  ferene,  the  Afternoon  overcaft  with  mo^ 
derate  Gales  at  £S£  and  S£.     9  30  ^V. 

4.  Grey  cloudy  Weather  with  moderate  Gales  at  S  E.  At  Night 
i>lowing  frcfli  from  N  £.     S  30  A. 

5.  Grey  cloudy  Weather,  with  fbme  Rain,  and  moderate  Gales  at 
S  E.     At  Night  fome  Thunder,  Lightning  and  Rain.     8  below jo- 

6.  The  Morning  ferene  and  temperately  warm,  with  fmall  South- 
wardly Breezes.  The  Forenoon  and  all  Day  overcaft,  in  the  After- 
noon fome  Rain,  dofe  hazy  Weather  with  fmall  Gales  at  N  by  £  and 
N.     S  30. 

,  7.  Grey  cloudy  Weather,  with  fmall  Gales  at  E  S  E.    At  Night 
much  Rain,     ff  30. 

8.  Grey  cloudy  Weather,  fomewhat  hazy,  with  moderate  Gales  at 
N  and  N  by  E.     9  30  iV. 

9..  Fair  and  pleafant  Weather  in  the  Forenoon,  with  fmall  Gales  at. 
S  E.     8  30  w.    The  ^ternoon  overcaft,  and  little  Wind  all  NighL 
*  30  A. 

.   10.  Dry  Weather,  fomewhat  dofe,  with  fmall  Gales  at  S  E,  in  the 
Evening  fome  Rain«     8  30  i^.     In  the  Night  much  Wind  and  Rdn. 

1 1.  Clofe  and  cloudy  Weather,  with  fmall  Rains  and  moderate  Gales 
atNNW.    .8  30  A. 

12.  Clofe  and  cloudy  Weather,  with  moderate  Gales  from  SE  to> 
N  £.     8  30  A. 

1 3..  Grey  cloudy  and  clofe  Weather,  with  fome  Rain  and  fmall 
Gales  at  S  E.     8  30. 

14.  Grey  cloudy  and  cbfe  Weather,  with  fmall  Gales  variable  from 
SEtoNW.     8  30  A. 

15.  Very  clofe  hazy  Weather,  calm  all  Day.  S  29  4*.  At  Night, 
finall  Gales  at  W  N  W  with  fome  Rain. 

.    16.  Clofe  and  cloudy  Weather,  with  fmall  Gales  from  NW  to  N. 
9  30. 

^  .17.   Fair  and  ferene  Weather,    with    fmalL  variable    Gales.     9 
3(J  A. 

18.  In  the  Morning  overcaft  with  moderate  Gales  at  N  W,  pre- 
fently  veering  to  S  E,  with  drizling  Rains  all  Day.  8  30  1^,  falling 
«>  29  ii« 

19,  Grey  cloudy  Weather,,  for  the  moft  part  calm.     8  29  iJ. 

aaVery 
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TLO.  V^  thick  foggy  Weather  all  Day,  with  fmall  v^amUe  Breeaes» 
for  the  moft  part  calm.     5  29  W, 

21.  In  the  Morning  foggy,  the  reft  fair  and  ferene  Weather,  with 
fmall  Southwardly  Gales,     v  29  v2-. 

22.  The  Morning  fair  and  ferene,  the  Afternoon  overcaft  with  fomc 
Rain  and  variable  Gales.     5  30. 

23.  Grey  cloudy  Weather,  the  Afternoon  and  all  Night  drizUng 
Rains  and  moderate  Gales  at  N  N  E.     5  30. 

24.  Clofe  Weather  with  continued  drizling  Rains,  and  at  Night 
much  Rain  with  moderate  Gales  from  N  N  £  to  N,  and  tctj  coid* 

'    5  30  »^o. 

25.  The  Morning  fomewhat  cloudy,  die  Afternoon  ferene,  with 
moderate  Gales  at  InI     8  30  ^V. 

26.  Dry  Weather,  fomewhat  cloudy,  with  foiall  variable  Gales.  S 
30  A. 

27.  Grey  cloudy  Weather,  with  fmall  variable  Gales,  iometiincs 
calm.     5  30  ^. 

28.  Clofe  hazy  Weather,  with  fome  Rain  and  fmall  vari^le  Gaies, 
fometimes  calm.     5  29  t^. 

29.  The  Forenoon  grey  cloudy  Weather,  the  Afternoon  very  clofe 
dnd  hazy  with  much  Rain.  5  29  H\  Small  variable  Breezes,  for  the 
moft  part  calm. 

30.  Clofe  and  cloudy  Weather,  with  moderate  Gales  at  N  N  £•  9 
29  to.     At  Night  rifmg  to  30,  and  the  Gale  freflining. 

31.  Fair  Weather,  fomewhat  cloudy,  with  fmall  variable  Gaks. 
8  30. 

j9friL  I.  The  Forenoon   overcaft^   Afternoon  more  ferene,  widi  fmatt 

Southerly  Gales.     2  30  h. 

2.  Fair  and  pleafant  Weather,  with  fmall  Gales  at  S  W.    5  30  ife. 

3.  Grey  cloudy  Weather^  blowing  frefli  in  the  Forenoon  at  N  E. 
Afternoon  moderate.     ?  30  ife. 

4.  Fair  and  ferene  Weather,  the  Horizon  iamewhoc  clofe,  with  eafy 
Gales  at  S.  $  30  •^.  In  the  Afternoon  the  Gafe  vcer'd  to  W,  and 
die  Sky  fomewhat  hazy. 

5.  Clofe  and  cloudy  Weather,  with  feme  drizling  Rain  in  the  Fok^ 
noon,  and  fmall  Gales  from  S  to  E  S  E.  The  Night  calm  aad  ninj. 
8  30. 

6.  Clofe  foggy  Weather,  with  drkeKng  Rains  and  calm.    >  29  if. 

7.  Fair  and  pleafant  Weather,  fomewhat  cloudy  and  calm.  In  die 
Evening  imaU  Gales  at  E  to  NE.  All  Night  clofe  foggf  Weather. 
»  29  i«. 

8.  Clofe  foggy  Weather,  with  fmall  Northerly  Breezes,  for  the  moft 
part  calm.     »  29  H, 

9.  The  Forenoon  clofe  and  cloudy.  Afternoon  fair  and  pleafant,  with 
fmall  Gales  at  N.    In  the  Evening  calm.     S  29  if. 

10.  Fair 
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10.  Fair  and  plcafanc  Weather,  fometimes  overcaft»  with  IdiallXS^es 
ftomSWtoS.     »  19  i*.     ' 

11.  Fair  and  pleafanc  Weather,  with  fitiall  Gales  from  S  to  S  £. 

»  JO. 

12.  Fair  Weather,  foioedmes  overcaft,  with  moderate  Gales  atN; 
*  30  A. 

13.  Dry  Weather,  fomewhat  hazy,  with  frelh  (harp  Wefterly  Gales. 
S  30  «^.    In  the  Eyening  ferene  and  little  Wind,   if  30  iV. 

14.  Fair  and  pleafknt  Weather,  with  fmall  Gaks  at  S  E.  9  30  ^v. 

15.  Fair  and  pleafant  Weather,  with  fmall  Gales  from  S  to  S  £•  la 
die  Evening  calm.     V  30  A. 

16.  The  Forenoon  fair  and  pleafant,  with  moderate  Gales  at  S  E. 
-tf  30  ir^.  In  the  Afternoon  overcaft,  with  ibme  Rain  and  fmall  Gales 
itNW.     »  30. 

17.  The  Forenoon  fair  and  plea&nt,  with  moderate  Gales  at  S£. 
V  30  TV.    The  Afternoon  overcaft,  and  the  Gale  frefhning  at  Night. 

i  30. 

iS.  Fair  and  pleafant  Weather,  fomewhat  cloudy,  with  finail  Gales 
atSE.     6  30. 

19.  Cloudy  Weather,  with  a  hazy  Sky,  and  final!  Gaks  tt  SE. 
S  29  4i. 

20.  Dry  cloudyWeather,  w^  fine  Gaks  atSE.     9'  29  H. 

^i.  Grey  cloudy  Weather,  with  fome  Rain  in  the  Forenoon,  and 
finall  Breezes  at  S  £,  for  the  moft  part  calm  ;  the  Afternoon  fair.  9  29. 

22.  Clofe  and  cloudy  Weather,  with  hazy  and  cafan  ;  in  the  After« 
noon  fome  Rain  and  fmall  Breezes  at  S  E.     f  29  ivv 
'   23.  Dry  Weathev,  (bmewhaat  foggy  and  cloudy,  with  imall  Gales  at 
S  E.     8  29  i^.     In  the  Evening  thick  foggy  Weather. 
••   24.  Grey  cloudy  Weather,  fomewhat  &^y,.  with  moderate  Gales  at 
S  E.     »  29  U.    At  Ni^ht  much  Fog. 

25.  Cloudy  and  fo^y  Weather,  with  fine  Gales  at  S  E.  I  29  H. 
At  Night  much  Rain,  Thunder  and  Lightning,  with  little  Wind.  '  i 
49  iS. 

26.  Clofe  and  cloudy  Weather,  with  fmail  Gales  at  N  W.  S  29  ^. 
th  the  AitemooA  fomewhat  hazy,  with  fmall  drizling  Rain. 

27.  The  Weather  clearing  up  with  eafy  Gales  at  SE;  It  29  if. 
The  Afternoon  overcafk;  and  in  the  Evening  much  Rain  with  fome 
Thunder  and  Lightning,  the  Wind  veering  to  N  W,  and  back  to  S  B. 

••  29  i4. 

28.  Grey  cloudy  Weather,  with  fome  Fog,  and  fmall  Gales  from 
WtoNW.     If  29«. 

ig.  Clofe  and  cloudy  W^^^^  ^^  fmall  Gales  from  N.W  to  N. 
9  29  ii.     At  Ni^t  fom^  Rain. 

30.  Grey  clMdyWeadus^idmcwiiat  clofe,  with  frefhGak^ 
»  29  ii. 

i,A 
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Mau  I.  A  fair  and  ferene  Morning,  with  fmall  Breezes  at  W  b^  Si     S 

29  %.     All  Day  and  Night  fair  and  plealantt  with  fmall  Breezes  tt 
N  W.  9  29  g, 

2.  Fair  and  ferene  Weather,  with  fmall  Breezes  at  S  E,  and  fomfi- 
times  calm.   5  30'.     In  the  Afternoon  and  all  Night  firelh  Gales. 

3.  The  Weather  fomewhat  cloudy,  with  frefli  Gales  at  S  £.  5  29 
4S.  In  the  Afternoon  falling  to  29  ^.  The  Wind  veering  to 
W  N  W,  had  much  Rain  with  Thunder  and  Lightning  all  Night. 

4.  The  Morning  clofe  foggy  Weather,  almoii:  calm.  9  29  g.  The 
Afternoon  clear'd  up,  blowing  frefli  from  N  to  N  E.  5  30  55. 

5*  Fair  and  pledant  Weather^  fomewhat  cloudy,  with  moderafi^ 
Gales  at  SE.  5  36*. 

6*  Fair  and  pleafant  Weather^  fomewhat  cloudy,  with  moderate 
Gales  at  S  E.  3  29  ^  Towards  Noon  little  Wind.  In  the  Aftcrr 
noon  a  fine  Gale  at  6  E  by  £,  and  at  Night  thick  foggy  Weather.  9 
29  J§. 

7.  Grey  cloudy  Weather,  fomewhat  foggy,  with  (mall  Gales  at  S  H» 
5*  below  i9'i§. 

8.  Fair  and  pleafant  Weather,  fomewhat  foggy  on  the  HUls>  and 
fmall  variable  Bi-eezes  from  S W  to  N  W.  6  29  %  At  Night  much 
Fog. 

9.  Fair  and  pleafant  Weather,  with  fome  Fog  on  the  Hills,  with 
fmall  variable  Breezes  ftx)m  S  W  to  N  W.     S  30*.    The  Afternoon 

10.  The  Forenoon  fair  and  pleaiant,  S  falling  from  29  s|to  29  g. 
The  Afternoon  overcaft  with  fmall  GaJcs  from  S  to  S  E. 

z  i  Grey  cloudy  Weather,  with  fmall  Gales  KE.  $  29  g.  In  the 
Afternoon  fome  GLain. 

1 2.  i  Fair  and  pleaiant  Weather,  fomewhat  cloudy^ :  with  foiall  Nor* 
therly  Gales.     2  29  3I. 

i3«  Fair  and  ferene  Weather,  with  fmall  Gales  at  S  W,  fometimes 
calm.     9  above  29  {g, 

14.  Fair  and  ferene  Weather,  with  fmall  Gales  variable  from  W  t9 
NE.     ?  30"".    The  Afternoon  fomewhat  overcaft. 

\^.  Fair  and  pleaiant  Weather,  with  faiall  Gales  at  NE«  5  299 
At  Night  calm. 

16.  Fair  and  ferene  Weather,  with  fmall  Gales  from  NEtoSE. 
9  falling  to  29  g.     In  the  Evening  overcaft  with  fome  Fogt 

17.  The  Morning  fome  Fog  on  the  Hills,  all  Day  fair  and  ferene» 
with  fmall  Gales  at  S  E.  S  29  3§.     At  IjTight  calm. 

18.  The  Morning  fomewhat  clofe  and  foggy,  all  Day  f;|ir  and  plesh 
iant  with  fine  Gales  at  S  E.   5  30*. 

19.  Fair  and  pleafant  Weather,  with  fine  Gales  at  S  £.     9  30'. 

•    20.  Fair  and  pleafant  Weather^. with  frelK Gales  ,at  SE»  the  Sky 
fomewhat  hazy.  5  29  ^ 

^  21.  Grey 
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21.  Grey  cloudy  Weather,  with  frelh  Gales  at  SE.     8  falUog  be- 
low 29  ^.     At  Noon  fome  fmall  Rain. 

22.  Cloudy  hazy  Weather,  with  fmall  drizling  Rains  Khd  moderate 
Qales  at  S  E.  S  below  29  g. 

23.  Clofe  and  cloudy  Weather,  with  moderate  Gales  at  S  E.     S  49 

me 

24.  Thick  hazy  Weather,  with  continual  Rain,  and  fridh  Gales  from 
N  NE  to  S  E.   8  falling  below  29  jj. 

25.  Clofe  and  cloudy  Weather,  with  moderate  Gales  from  E  to  NE. 

26.  The  Forenoon  thick  hazy  Weather,  and  the  Afternoon  grey 
cloudy  Weather,  with  fmall  Galcj  at  N  E.   ?  rifing  above  29  JJ. 

27.  Grey  cloudy  Weather,  with  moderate  Gales  at  S  E«  2  above 
j^9  IS-    Some  Rain  at  Night. 

.*  28.  Grey  cloudy  Weather,  with  the  Wind  from  S  to  S  S  E,  fom^. 
tithes  fmall  Gales,  and  fometimes  blowing  frefh.  5  29  j|.  Rain  at 
Might* 

a  9.  Grey  cloudy  Weather,  with  fine  Gales  at  S  E,  and  drizling 
llains.  8  29  ^.  At  Night  fmall  Gales  at  N  E»  fometimes  calm  with 
thick  Weather. 

.  ^.  Thick  foggy  Weather,  for  the  moft  Part  calm,  and  fmall  driz- 
ling Rains.     9  29  '^.    At  Night  fmall  Gales  at  S  E. 

31.  Grey  cloudy  Weather,  fomewhat  foggy,  with  fmall  Gales  at  S  E. 
9  29  iS.    At  Nig^  fome  Rain. 

1.  Grey  cloudy  and  foggy  Weather,  with  fome  Rain  in  the  Fore-      junf^ 
noon,  and  fmall  Gales  at  W.     S  29  ^.    In  the  Afternoon,  rifing  to 

29  ^     The  Wind  veering  to  N,  and  the  Weather  clearing  up. 

2.  The  Forenoon  fair  and  pleafant  Weather  and  calm.  2  29  J5« 
The  Afternoon  overcaft,  with  fome  fmall  Rain,  and  fmall  Gales  at  SE. 

8  falling  below  29  jf.     At  Night  fome  Rain. 

3.  All  this  Forenoon  clofe  thick  rainy  Weather,  with  fmall  Gales  at 
N  £.   5  falling  below  29  44    The  Afternoon  dry,  cloudy  and  calm. 

4*  Fair  and  pleafant  Weather,  with  fine  frefh  Gales  from  S  £  to 
S  S  E.  S  above  29  g. 

5.  Fair  and  ferene  Weather,  very  hot,  with  fmall  Gales  from  WS  W 
to  N  W.   »  above  29  H. 

6.  Fair  and  ferene  Weather,  with  variable  Gales  round  the  Compafs. 

9  29  g.    The  Afternoon  fomewhat  clotfdy,  and  at  Night  calm. 

7.  The  Forenoon  overcaft  and  foggy,  with  fmall  Gales  at  S  E,  and 
fince  Nopn  drizling  Rains»  9  falling  to  29  ^.  Much  Rain  in  the 
Night,  blowing  in  Gufts. 

8.  Clofe  hazy  Weather,  with  drizling  Rains  all  Day,  and  fmall  va« 
riable  Breezes,  for  the  moft  Part  calm.     5  29  y.    At  Night  f^r. 

Vou  IV.    Part II.  Uuu  9.  Thij 
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9.  TIiJs' Morning  clearing  up,  witfi  foofie  Drops  cjf'lijdA'  ijpjQi  cadm. 
■    S^  rifing^ to  j^  2§^    ^The  Afternoon  o^ercafl:,    an4  iorfi^.Rain  m  the 

Evening^     *'    *  ."V".'''/, . 

10.  Gapjj  cloudy  Weather,  fomcwhat  foggy,  witK  faiall  Gijcs  at  SE, 
Sometimes  calm. '  5  29  Jj.     Th6  Afternoon  and^N!gKt  drizltng-  Rains^ 

i\.  This  Morqing  clowdy  and  foggy,  with  driz^ing Raij^  and  calok 
?  below  ig'i;;  The  Afternoon  clofe  and  foggy,  Wl^  driiKng  Rains 
aad  imaU,Gale$  from  E  S  E,to  S  E.     S  'felling  to  %9 '^^  '       \ 

111  Clbft  foggy  ^eatheri  with  little  Wind  at  S  E,' tod  fofnetimcs 
calm.     5  29  ^     Th^.  Afternoon  and  all.  Night  very  much  Kail». 

13.  pfofe  foggy  Weather,  with  ri^uch  Rahr  in  the*  FbrejuJon^  aod 
drizUng  in  the  Afternoon,'  With  fmall  variable  ftree^'os^'foprrittitu^escahn. 

3  29^;    •■'-'•        '     .-. .       .^.1'- '^\.  *    ^ 

i^  The,  Morning;  clqfij  and  foggy^  the  Fcfenoon  dfoir'tf  ik),  wiA 
f<iir  andple^fant  Weather,  ind  fm^  Breezes  at  S  XV.  ^  t^  g^  The 
Afternoon  dvercaft,  with  fmall  Gales  at  S'fil'  In  the  Evehing  femp  ye- 
b^raent  Thunder,  with  Lightning  aad  much  Rain.  5. below. 29^ 
\  ig.  The  Forenoon  clo]^  foggy  Wfeather,  the  Aftero^oii  gtcy  acvd 
cloudy,  vsrith  fmall  Gales 'from  SE  to  NE,  fomcfttmes  cahn^  5  br- 
1qw.2ji  ii*-  .... 

16.  The  For^nooQk  clofeaod  foggyt  with  foi^ie  Eain;  it  Nboo 
cleared  up  with  fmall  Gales  from  ?  ^.\  ^  above  29 'g.  At  Ntj^ 
cloudy  with  fome  Lightrting;  ' '.  : 

17.  The  Morning  very  hazy  and  catm,  the  Popenoon  cleared  up 
witj^.fipall  Gales  at  S  E.  5  above  20  ||,  The  Afternoon  overcaft,  with 
the  G^e.  veering  to  Nty  E,  touch  Jtain,  Thunder  and  Lightning. 
S  as  before*  '  \ 

I?.  '  Grey  cloudy  Weather  in  the  Morning,  and  cleared  up  in  tbc 
AftecnooB,  with  fmall  Gales  at  S  ^.  5  29  il»  The  Afternoon  ovcr^ 
cift  with  frelh  Gales  continuing  all  J^ighc,    9  as  Jbefore. 

X9f.  This.  For.enQon  grey  cloudy  Weather  fonrfetimcs  de^ng  up, 
with  irclli  G^les  at  SX^     ?  29  i^.  \       ' 

'2-0.  Fair  and  cloudy  Weather,  widi  moderate  Gales  m  S  E,     ?  2$ 

g.' 

21.  The  Forenoon  faif  s^^d  fomewhat  cloudy,,  the  Aftertioon  fcrenc 
and  pleafant,  with  fmallGales  at  S  E.   5  below.29  2« 

2;2u  The  Forenoon  £iair.and  pleafant,  with  fine  Gales  at  S  E.  tf  be- 
low '29^-    The  Afternoon  grey  and  clotidy,  with  little  Wind. 

23.  -Fair  and  ple^am;  Weather,  with  fniall  Breezes  at  SE,  for  the 
moft  l?art  calm>  with  fame  Lightning  in  the  Night.     529* 

24.  Fair  and  pleafant  Weather,  with  fmall  Gale$  at  S  E,  foxnetimes 
calnii    ^  P9  i^«    At>  Night  overcaft  .and  calm,  whih  fame  Lightns^ 

'25..*Fai^  aod  fcrenc  Weather,  with  fmall  Gales  at  S  E,  in  the  F6rc- 
noon;  *  529  J|.  The  Afternoon  fine  frefliGalcs  from  S E  to  S  by E» 
and  blQwing  very  frefli  all  Night* 

3  2^,.  Fair 
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a6.  Fair  and  plcafant  WeatKor^  blowing  v^ry  frefh  from  S.  hv  E  to 
t^i  W,  srfiowt  Noon  little  Wihi  2  belbw  29  i*. '  THc  ^ Aftcnicfcn 
moderate  Gales  at  S  E.        '        '  ,     '.    ' 

<^7#  Fair  and  fercnc  Weather,  with  moderate  Gales  at  S  E.    2  l)clow 

2'9ii.  ■■    •■  ■•  ■       •         .    '    ■     , 

28.  Fair  and  ferene  Weather^  with  moderate  Gales  at  S  E,  9  as 
Ijl^ofe/ 

29.  Fair  and  fJrcnc  Weather,  with  fine  GaleS  at  S  E.  2 ,29  %  Th^ 
Iglvcning  ovcrcaft  and  blowing  frelh  all  Night. 

36.  Cloudy  Weather,  and  fomewhat  hazy,  Vith  frelfi  Gales  from 
E  S  E  to  N  E.  2  below  2-9  Ut  The  Afternoon  much  Rain  and  blowing 
hard  all  Night  3^c  S  E.   .»  «9Ji  ;\  •  ^' . 

1.  cloudy  and  hazy  WcatheFi  with  fome  Rain  ahd  hard 'Gales  at      7«b* 

^E.  5  29i*H    '.:•  '.  '        . 

2.  The  Forenoon  fair  and  fomewhat  cloudyi'the  Aftehiobn  r/erene^ 

vrith  fine  frcda  'Gales  at  S  E.   2  below  29  g.     All  Night  Aiki^.  ■ 
"3.  Dry  Weather,  fomewhat  cloudy,  with  fihe  Galf s  at  S  E>  ,  9  29^ 

^•"     ■   •       '  •  /  •  ,       •  .        /'      '  ' 

4.  Fair  and  ferene  Weather,  with  fine  Fredi  tales  St  SE.'    S  29  j|- 

'J'hk  Eveniiig  .over^ft, 
'5,  Fair  jfnd  pleafant  Weather,  fomewhat  cloudy,  With  a  frt^lI'Shower 

SO  .the  Fcu-enog^i,  ibme  Thunder  ;aind  eafy  Gales  acS  E.  ^  above  29  ]|;* 

At  Night  littfe  Wind.  .  *     -•   '.      \  "^^'''-  '      ' 

6.  Fair  and  ferene  Weafhe\,:  with  rniall.GafeUt  ^E.' .^  i^-^:    A« 

Nlgbl  little  Wind.  '  '  .    ^:  -.  .     ; -"-'^  ......> 

"  7.'  Fair  ahd'pfeafant  WeatlietV  foAiewhat  clbXidjr,  with  fiiit  (jale?  4t 

SE-  S-29J.  V  .  .^'  ..' V"  '    '■•''      '    '      ■•''     '•-■'   •'"'• 

\t.  TheR?rc;iippnoyercaft,'v^th^  ' 

SE  5  the  Arternooit  fair  and  pT^alant^*  with  eafy  Galfii  ac  Sl'E/*Sf^  abOYC 
49a.    At^NigfctforaeOnfltJiam..  /.     :  *   /;'  ',     •  -; 'V^<'  •  ^ 

g«  Faira6d|u^(aRcWeacher»  ionietimie;  ctoudy^  n^ithHifie  Gales  a( 
SK  If  above  29  H.  '      ^  ^  '      ;••  -  ;  ^•     '     •  ';      '        '^.*    •      ' 

.   10.  The  Ji4ofning  fomewhat  haiy  and  cloudy^  .alI.D^^*f&'\and  fc- ' 
rene*  WcatJicrV'wi^h  eafy  Gales  at  SE«     tf  bclpw' 49  M^ '•;•;- '    /.; 
.    X  J .  -  Fair  anijples^t  Wcadiei?,  with  fih'atl  Gate^  at  S  B;  \  $  beltn^  ^2^ 
g.'   The  Aftfcimoonovcrcaffiantfnttk. Wind:'  '    .^ 

Thunder gMidiightning^    ..  /    ,    /  .   '   ^  .  .^      ' 

*i2/ Thp  Forenoon  tor  and  pteafint,  ^\tk.fkS'G^lJis'kS^*'E:  2  be- 
low  29  ig-'/TJie  AfternocM;!  pvcircaft^  y^tK^feveral  fntafl  Showers  of 
JSUinaodhttle Wind,  aaNiWcalmV  'V'  V  ;     '    /    '' : 

13/  Fair  and  pTealaiit  Weaftcr,  wiihVfow'^^udir  abd  calxri. '    9  29 

r-  ,  Toward«:l*c^  joveifcatt-  and  the  Win4;  itiMiti  Gales  Vderiftg't6 
W.  withclofc  rainy  We^ier;  aH|fte  A^torkdoh,  itt'  'Ad  Evening  dry 
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14.  This  Morning  and  Forenoon  clofe  and  cloudy  Weather^  with 
much  Rain  and  fmall  Gales  at  W.  9  29  t^.  The  Afternoon  dry  and 
cloudy,  the  Wind  and  9  as  before. 

15.  Fair  and  pleafant  Weather,  with  fmall  Breezes  from  W  to  S  W, 
ibmetimes  calm.     )f  29  U. 

16.  Dry  cloudy  Weather,  with  fmall  Gales  at  S  E.     9  29  il. 

17.  Fair  and  pka^t  Weather,  fometimes  cloudy,  with  fine  frefli 
Gales  at  SE  by  S.     9  above  29  U. 

18.  Fair  and  pleafant  Weather,  fometimes  oveitaft,  with  frefli  Galcr 
at  S  £.     At  Night  blowing  very  hard,     tf  29  ft. 

19.  Fair  and  pleafant  Weather,  with  fmall  Gales  at  S  E.     $  29  if » 

20.  Fair  and  ferene  Weather,  with  fine  freih  Gales  in  the  Forenoon^ 
and  fine  frefh  Gales  in  the  Afternoon,     tf  29  ih.     At  Night  calm. 

.21.  Fair  and  ferene  Weather,  with  fine  Gales  at  S  £•     9  29  U. 

22.  Fair  and  ferene  Weather,  with  fine  Gales  at  S  E.  9  29  t^.  At 
Night  fometimes  little  Wind,  at  other  Times  blowing  freih. 

24.  Fair  and  ferene  Weather,  with  fine  Gales  at  S  £.  9  29  \%.  Af* 
temoon  blowing  freih. 

25.  Very  fair  and  ferene  Weather,  with  fmall  Gales  at  S  E.  9  29  i^. 
At  Night  iome  Lightning. 

26.  Grey  cloudy  Weather,  with  fmall  Gales  at  S  E,  at  Night  calm 
and  fome  Lightning. 

27.  Grey  cloudy  Weather,  with  fmall  Gales  at  N  N  W  in  the  Fore- 
noon, veering  to  N  E  in  the  Afternoon.  9  29  i^.  At  Evening  mucfr 
overcaft,  with  Thunder,  Lightning  and  fome  Rain. 

28.  Fair  and  pleafant  Weather,  fomewhat  cloudy,  with  fmaD  va- 
riable Gales  from  N  W  t#  NE.     9  29  «. 

29.  Grey  cloudy  Weather,  with  fniall  variable  Gales  from  N  E  to 
S  W,  fometimes  calm.  5  29  H.  In  the  Evening  a  fmall  Shower  of 
Rain,  with  fome  Thunder  and  Lightning. 

.  30.  Fair  and  ferene  Weather  and  calm.  9  29  U.  In  the  Aftemooa 
fmall  Gales  atNN  W,  very  hot  andfultry  j  at  I^ight  Kttk  Wind  with 
fome  Thunder  and  Lightning. 

31.  Fair  and  ple^ant  Weather,  fometimes  cloudy,  widi  fine  Gale» 
at  S  £•     929^.    Some  Thunder  and  Lightning  in  the  AficmooD; 
j^^,  I'  The  Morning  fomewhat  overcaft,  all  Day  rairamtpla^t,.witt|* 

fmall  Gales  at  S  E.     9  29  H.    The  Afternoon  fine  Gales.. 

2.  Very  fair  and  ferene  Weather,  with  fine  Gales  at  SE.  9  29  H.. 

3.  Fsdr  and  ferene  Weather,  with  fine  Gales  atS  E:    1 29  il.  * 

4.  Fair  and  ferene  Weather,  with  fine  Gales  at  S  E^   5  29  H:. 

5.  The  Forenoon  grey  cloudy  Weather,  and  Galm^^the  Afiemow 
ferine  with  fmall  Gales  at  S  E  by  E.     9  29  H; 

6.  Fair  and  feiene  Weather,  with  fmalJ  Gales^at  N  N  W;  9-  tgih 
The  Evening  overcaft,  with  fome  Lightning. 

7.  Fair  Weather,  fometimes  overcaft^,  with  frcflk  Gales  from  S 10 
SSE.,    9  29  U. 


2l>e  Breather  at  Chufaa  in  China.  41 

8.  Fair  and  pletfant  Weather  in  the  Forenoon,  and  cloudy  in  the 
Afternoon,  with  fmall  Gales  at  S  S  E.     tf  29  if. 

9.  Fair  and  ferene  Weather,  with  fmall  Gales  in  the  Forenoon,  and 
freflining  in  the  Afternoon  at  S  £•     $  29  it* 

io«  Fair  and  ierenie  Weather,  with  fmall  Gales  from  S  E  to  £  by  S. 
I  29  it.    Ar  Night  calm. 

11.  Fair  and  ferene  Weather,  calm  in  the  Forenoon,  and  fmall  va^ 
liable  Gaks  in.  the  Afternoon,,  and  Lightning  at  Night.     9  29  if. 

12.  Fair  and  ferene  Weather,  with  fmall  Gales  atSSE,  atNig^ 
calm  and  hazy.     9  29  ii. 

13.  Fair  and  ferene  Weather,  calm,  in  the  Forenoon,  and  fmall 
variable  Breezes  in  the  Afternoon..    9  29  jf 

14.  Fair  Weather,  fometimes  overcall,  with  fmall  Gales  at  N  W  by 
W.     S  29  JS. 

15^  Fair  Weather,  fomewhat  clofe,  and  fbme  Rain  in  the  Aftemoon,> 
with  fmall  variable  Gales.     9  29  £{. 

l6..  Fair  and  ferene  Weather,,  calm  in  the  Forenoon,,  and  (ball  va^ 
riable  Breezes  in  the  Afternoon.     S  29  iS. 

17.  The  Weather  cloudy  and  overcaft,,  with  fome  Rain  in  the  Af- 
ternoon, and  fmall  variable  Gales  round  the  Compafs.     8  29  j^. 

iS.  Grey  doudy  Weather,,  widi  fome  Rain,  and  eafy  Gales  at  N  E; 
S  29  i|.  In  the  Night  very  frefh  Gales  from  N  E  to  S  E,.  and  fome- 
tima  at  NW.. 

19.  Grey  cloudy  Weatheiy.  with-  fome  Rain,,  and  frefK  Galte  from) . 
S£.to£SE.    .V29JS. 

M«  Fair  and  pleafant  Weather,.  with>fine  Galea  at  S  £..    t  29^ 

%x.  Fair  andpleaiant  Weather,  with  fine  Gales  atSE.     9  29  ^. 

22.  Fair  and  ferene.  Weadier,  with  finaU.  Gales  at  S  £•     S  29  jS- 
:    23.  Fair  and  pfeafent  Weather,  with  fmall  Galea  at  S  E.    In  the  Afr 
ternoon  fomewhat  cloudy,,  and  the  Gale  fireihning,     t  29  iS*^    In  the 
ISrjg^t  blew  very  fr^*. 

24.  Fair  and  ferene  Weather,  with  moderate  Gales  at  S  E^    In  the 
Evening  much  overcaiV,.  and  at  Ni^t  much  Rwi  with  fome  Thunders 
and  Lightning.    The  Wind  at  NW.     ^  ^9'^ 

.'25.  The Mominggrey  and.cloudy,  all  Day  fair  and  pleafant,  witK 
fo)«U  Gales  at  N  W.    In.the  Afternoon  veering  to  S  E,  and  at  Night 
calm.     V  29  iS. 
.    2.6,  Fair  and  pleafant  Weather,,  with  fmall  Gales  at  S  E.     S'  29  ^ 

27.  Grey  cloudy  Weather,  with  drizling  Rains  this  M(»-ning  and 
Forenoon.;  and  fair  in.  the  Afternoon,,  with  fmall  variable  Gater. 
9  29iS. 

28f  Fair  and  pleafant  Weather,,  with  fmall  Gales  from  N  to  NE;. 
9  29  s§-     At  Night  calm. 

29..  Fair  pleafant  Weather,  with  fmall  Gales  at  N  E-  ?  29  ^. 
At  Night  fome  drizling  Rain* 

'30.  F«te- 


•      »       * 

50.  F^r  and  pledknt  Weather,  fomewhat  cloudy,  wlA  wtfy  Galet  at 
N  E.     5  29  il. 

31.  Grey  cloudy  Weather,  with*  fome  Rain,  and  modetftte  Gales  at 
N  E.     In  the  Night  blowing  in  Gufts.     ff  29  W.  - 

« 
September.         i.  Fair  Weather,  fometimes  overcaft,  with  ffefli  Gatte  from  N  t«l 
NNW.     9  29i#.    , 

2.  Cloudy  Weather,  with   fotne  Rain^    and  blufteriog  Gales  ac 
,    NNW.     Sf29l*. 

3,  Fair  and  pleafant  Weather,  with  moderate  Gale*  at  NNW,  ibme*^ 
times  overcaft  and  bidwmg  frefh ;  at  Night  little  Wind.     6  10  if  *  ■ 

,  4.  Fair  and  pleaiant  Weather,  With  frtfiall  Gales  ftt>tn  Vrf  to  N.' 

At  Night  calm;     S^  29  {*. 

5.  Fair  and  pleafant  Weather,  wit^  fmall  Gales  at  N.     If  2^  H,  .  * 

o.  Fair  and  pleafant  Weather,  with  fmall  Qdcs  at  N  and  N  bjrW. 

7.  Fair  and  pleafant  Weather,   with  fmall  Gates  at  N  by  W  and 
NNW.     2  below  29  fS.  • 

8.  Fair  and  pleafant  Weather,  witK  fmall  Galea  Ht  N-N  W.  K  bctew 
29  H.  .'•    - 

9.  Fair  arid  ferene  Weather,  with  fmall  Gales  at  N.     *  19  ii. . 

id.  Fair  and  ferenc  Weathefr,  with  fmall  GaleiatN.     tf  29  U.     . 

1.^.  Fair  and  fecene  Weather,  with  fmall  Gales  at  S  £,•  and^.N^^ 
*  veering  to  EN  E.'    S  29  41.        •  *•••'-'  •' 

11.,  Faif  and  ferine  Weather,  with  fmall  Gales  at  SS  E.     S  29:^ 

1^.  X\f  Forenobif  fail*  and  nkafaht,  the  Afternoo^  gfey  cloudy 

Weather^  vith imaflGales at E S B.     9  30'.  '        •':  '       •         ^^   ^ 

.  €4.:  GErey  c^6u4y  weathjfer,  ^^  f^^  Gales  fi»m  ESE  m  £N£, 

ibm^t^mei  calm.    '  9  ^o'^    In  the  Night  variable  'Gatoi  with  finne 

Rain.  •  ^ 

1 5,  Gr«y  clpu4y  Weather,  with  fmall  Gales  fr6tt  N  E  6>  S  £  bjr  E» 

5  3o^  *  -  '  .  

1 5.  The  Morning efopdy  swd  twetcaft,  a» Day  ekttr'd up^wvihcx^ 
gentle  Gales  at  S  E..     »  ^*.       •  .      .. 

I  ;•  Fair  and  ferene  Weather,  witff  rtoderate  G^ei  »«  S  E.    5  jo*. 

18.  Fair  and  ferene  Weather,  with  moderatt  Gales  at  S4X     f'  jo^-i 

19.  Fair  and  ferene  Weathc;r,  with  fmall  Gales  at  S 1^    $  ^9  !#• 
2di.  Glofe  hazy  Weather,  with  finaH- Gales  from  NB.    ?•  30  Ai  In 

the  Afternoon  fome  RaUi. 

*  21.  Grey  cloudy  Weather,  with  mbderate  Gales  afi  N  by  B  and 
N  >^  ^     2  30  i:V.  ,  In  the  Evening  little  Wind* 

'  22.  bry  temperate  Weather,  fomcwhat  grey  and  cloudy,  with  finall 
Gales  at  N  by.  W.     830^. 

23.  Fair  ah()  pleafant  weather,  Ibmewhat  doudy,  wkhlknll'Gaks 
at.NNW.     5  30  A. 

24.  Fair 


94.  Fair  and  pUsa&nt  Weather^  with  inhsiU  <;ales  at  NN  W.     9 

•  45.  Fair  Mki  pleafiuit  'VKeadieni  wkh  (mail  Gaks  at  N  N  W.  9 
30  *)•  .        ~ 

2^.  Fair  Wadthar^  fomevhat  chnidy,  ia  the  Afiemoon  focne  Showers 
of  Rain,  and  faiall  Gales  froiA  N  N  W  .to  N  W  hy  W.  S  30  tV.  ri- 
£ng  at  Night,  to  3c  i]fr« 

2y.  Fair  and  cloxidy  Weather,  with  fmall  Gales  from  N N  W  to  N.. 
$  30^. 

i4.  Fair  and  pleafaot  Weather^  wi^  fo^LGaks  from.  N  by.W  ta 
N  by  E-  , 

29.  Dry  aodiclMdy  Weather,  with. fmaU. Galea  at  N  N  W. 

30.  Fair  and  pleafant  Weather  in  the  Forenoon,  with  fifiall  Gliles  at 
N  N  H,  the  Aftelnooa  oveicaft  wJdi  Gv&s  of  Wud  and  tome  Showers 
of  Rain. 

1.  The  Morning  overcaft,^  all  Day  fair  and  pleafaht,  .with  fmiH.  OaJfcr, 
tSalesffomNNEwR 

2.  The  Mori^g  gicy  a^d  cloudy,  aU  Day  fidr/.ai)d  plctt&itt^  witk 
fmall  Galas  at  Nl^'W. 

'     3:  Gr&y  Gloipdy  VTet^r,:  wiih  ixiodecatRiGalea  nt  N.aiPd  N  by  £» 
ibmetimes  blowing  frefh  v  at  Night  thick  and  hazy  with  fome  Rain. 
'    41  Thick  ^a2y  ^Sfeather,  towaids  Noon  dadc'd  up,  McotO^aOTer- 
caft  with  Rain  and  dark  Weather.     Small  Gales  at  N  N  E., 
t    5.  Giity  dondy  Weather^  i  wlith  fmaU  Galas  >  at  N  N  E,.  incHhiiig  to 
Rain.  v  '  j      - . 

«  6..  Thick  hazy  Weather^  widt  miKrh^R^  and  Aq^l  Gal^^atNM^E. 

S  below  30**. 

'  ^.  The  Mon^g  ckfe  and  ctoiady  WeaihcTy*^^pDth!^ibiiie':R'flSn«  and 
fmall  Gales  at  N  and  N  by  W.  S  below  3(S^.  Ml  Day  .tfack-  ha»y 
W*«her,  with  drialkig  Ratni.  )  \  -^^  ^ 

'  9.  H49f  ^4Hiiims  with  dnrlibgRAw  and  teall Gaks^iati N N E 
andNE.     $  30  A..  .,1    v  -     .* 

9.  Clofe  hazy  Weather,  with  drizling  Rains,  and  fmall  Gales  ut  N  E. 

8.30 iV    .9'a<J*gte5o.-«5r.:.-  .  '•  ''    ..         ^''^     ^-'' 

^  I'D.  Glofib^  and  cloody  Weatbec,  with  fooK  Boifi^'  and  nlodesatft  Gales 
at  N  E.     9  30  iS..  ;     ^  *• 

'-  II  GFey  clcMtfy  W^acbtr;:  widi^  ftme  lUdn.at'Nsght  and  fmaU  Gales 
atNNE.     9  30  »V  .... 

«  .  It.  The  Momiiig  fti«A6,  imdt littaU  QaJb^atNE.  9  30  *s.  The 
Afternoon  grey  cloudy  Weather.      S  30  a*V. 

'  • »  3.  Dry  ckywdy  Weather, '  with '  foiaU  Gahi' At-I^  by  £.     » J30  t^.    . 
The  Afternoon  more  ferene  and  almoft  calm. 
'    14.  Grey  cJeudy  Wcaiiier,  witii  moddMlft  Gale*  at  N  E,  Ibmetimes 
blowing  frcfti.     ff  3Pw. 

15.  Grey 
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1 5.  Grey  cloudy  Weather  inclining  to  Rain,  with  moderate  Gales  at 
.N  by  W.   5  30  ^.    At  Night  much  Rain. 

16.  Grey  cloudy  Weather,  with  fome  Rain  at  Night,  and  frelh  Galea 
atNandNby  W.     5  30^. 

1 7.  Grey  cloudy  Wesnther,  with  moderate  Gales  at  N  by  E»  blowing 
•frefli  in  the  Night  at  N  N  W,     »  30  ^ 

1 8.  Fair  and  pleafant  Weather,  with  moderate  Gales  at  N  W  by  N. 
«  30  ^. 

19.  Fair  and  ferene  Weather,  with  fmall  Gales  at  N  W.   9  30  ^. 

20.  Fair  and  ferene  Weather,  with  fmall  Gales  at  W  N  W  and  W 
by  N.     5  30  ||. 

2 1.  Fair  and  ferene  Weather,  with  fmall  Gales  at  N  E  and  N  £  by 
E.     530^. 

22.  Fair  and  ferene  Weather,  with  fmall  Gaks  at  N  and  N  by  EX 

5  30  K. 

23.  Fair  and  ferene  Weather,  with  fmall  Northerly  Breezes,  ibme* 
tiqaes  calm.     9  30  js. 

24.  A  gre^  cloudy  Morning,  blowing  frefh  at  N  N  W.    All  Day 
fair  and  pleaiant,  with  modente  Gales  at  N.     S  30  Jb- 

'  25.  The  Forenoon  overcaft,  with  fine  frcfh  Gales  at  W  N  W,  and 
/harp  Weather,  the  Afternoon  more  ferene  and  fmaller  Gaks,     9  30 

26.  F«r  ferene  Weather,  with  fine  flurp  Gales  at  N  N  W.     9  30 


33. 


27.  Fairand  ferene  Weather,  with  fmall  Gales  atESE  andSE, 
fometimes  calm.     V  30  k* 

28.  Grey  cloudy  Weather,  with  frefli  Gales  at  NN  W  aqd  N.     9 

30  ». 

29.  Fair  Weather,  fomewhat  cloudy,  with  moderate  Galea  from  N 
byWtoNW.     9  3oi 

30.  Grey  cloudy  Weather,  with  moderate  Gales  at  N  W.     9  30  9. 

31.  Fair  and  ferene  Weather,  with  moderate  Gales  at  N  by  W  and 

N.     9  30S.    Very  cold. 

•  •  • 

V^mtir.       ,.  Fair  and  ferene  Weather,  with  fmall  Gales  at  W  N  W.  9  30 1. 

2.  Grey  cloudy  Weather,  with  Ibme  Rain  in  the  Evening,  and  mo- 
derate  Gales  at  NN  W.     9  30  jb- 

3.  Fair  and  ferene  Weather,  fomewhat  hazy,  with  very  fre(h  Gales  at 
N  by  W  and  NN  W.     9  below  30  &. 

4.  Fair  and  ferene  Weather,  with  fmall  Breezes  at  N  by  E.     9  30 
^.     At  Night  calm. 

5.  Fair  and  ferene  Weather,  with  (mail  Breezes  at  S  E.    Sometimes 
calm.     9  30J^ 

6.  Fair  and  ferene  Weather,  with  fmall  Breezes  from  W  S  W  to 
WNW.     930/0- 

7*  F«i' 
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7.  Fair  and  fcfcnc  Weather,  with  fmall  Galea  at  N  W.     S  30  ^. 

8.  This  Morning  foggy  •,  all  Day  fercne,  with  moderate  Gales  from 
SWtoNW.     530!^^ 

9.  Fair  and  plcafant  Weather,  fometimes  overcaft,  with  moderate 
Gales  at  S  E  and  E  S  E.     5  30  *.    At  Night  little  Wind  and  calm, 

10.  Fair  and  ferene  Weather,  with  moderate  Gales  at  SE.     2 

304- 

11.  Grey  cloudy  Weather,  with  fmall  Gales  at N  and  N  by  W.  In 
the  Evening  calm.     9  30  i^. 

12.  Fair  and  pleafant  Weather,  with  fmall  Gales  at  N.  In  the 
Evening  calm.     2  30  ^. 

13.  Fair  and  ple^ant  Weather,  with  fmall  Gales  from  S  by  E  to 
S  E.     5  30  jV     At  Night  calm. 

14.  Grey  and  cloudy  Weather,  fomewhat  hazy,  with  moderate  Gales 
fromWNWtoNW.     230/3. 

15.  Grey  cloudy  Weather,  with  frefh  Gales  at  N  N  E,  and  fomc 
fmall  Rain.     2  30  j^. 

16.  Fair  and  pleafant  Weather,  with  moderate  Gales  from  S  to  S  E. 

5  30K. 

17.  Grey  cloudy  Weather,  with  moderate  Gales  from  S  by  W  to 
E  S  E.  2  30  ^.  At  Night  blowing  hard,  and  veering  to  N  W,  with 
much  Rain. 

18.  Grey  cloudy  Weather,  with  frefli  Gales  at  N  W*  In  the  After- 
noon, blowing  very  bard.     2  30"*. 

10.  Grey  cloudy  Weather,  with  moderate  Gales  at  N  W.  2  30  ^. 
At  Night  rifing  to  30  j§. 

20.  Fair  and  pleafant  Weather,  with  fmall  Gales  from  N  to  E, 
and  about  (o  S  E.     In  the  Evening  little  Wind.     2  30  ^,  foiling  to 

21.  Grey  cloudy  Weather,  for  the  moft  Part  calm,  with  fmall  Nor- 
therly Breezes.     2  30  ^. 

22.  Grey  cloudy  Weather,  with    moderate  Gales    at    N  W.     5 

30.V 

23.  Grey  cloudy  Weather,  with  fine  Gales  at  N  W.     2  30  •. 

24.  Grey  cloudy  Weather,  with  eafy  6alcs  from  W  N  W  to  N  W. 

5  30  » 
2^.  Grey   and    cloudy    Weather,    with  eafy  Gales  at  NW.     2 

26.  Fair  and  ferene  Weather,  with  fmall  Gales  at  N  W,  fometimes 
calm.     2  30^. 

27.  Thick  hazy    Weather,  with   drizling   Rains,   and   at   Night 
.much. Rain,  with  fmall  Southerly  Breezes,  for  the  moil  Part  calm. 

5  30  sj- 

28..  Hazy  Weather,  with  drizling  Rains  all  Day  and  Night,  and 
fmall  Gales  from  N  to  N  N  E.     2  30  ^  rifing  to  30  5*5. 
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»9.   Grey  cloudy  Weather,  iwnth  fmall   Gales   at   NN£.      9; 

30.  Grey  cloudy  Weather,  with  fine  Gales  at  N.     S  30  ^ 

Dtcmhtr,        I.  Grey  cloudy  Weather,  and  very  cold  with  fine  Gales  at  N.     5 
»7o«  •      30  &    Some  Froft  at  Night. 

2.  Dry  Weather,  fomewhat  cloudy,  with  moderate  Gales  at  N  N  W. 

5  30 15. 

3.  Fair  and  ferene  Weather,  with  fmall  Gales  at  N  W.  5  30  /«. 

4.  Fair  and  ferene  Weather,  with  fihall  Gales  at  N  W  and  W  N  W. 
2  30  ^.    At  Night  overcift. 

5.  Dry  cloudy  Weather,  with  moderate  Gales  at  N  l»y  W.     8 

30  5- 

6.  Fsur  and  pleafant  Weather,  with  fine  Gales  fix>m  E  to  SE,  and 
at  Night  calm.     9  30  ^  falling  to  30  j^  . 

7.  Grey  cloudy  Weather,  with  frelh  Gales  at  NW  and  WN  W. 

5  30*- 
S.  Fair  Weather,  ibmewhat  cloudy,  with  frdh  Gales  at  N  W.     9 

30  i5. 
9.  Fair  and  pleafant  Weather,  with  fine  Gales  at  NNW.     S 

lo-  Fair  and  ferene  Weather,  with  fmall  Gales  at  N  W  to  N.     9 
30  M-    At  Night  calm. 

11.  Fair  and  ferene  Weather,    with  fmall  Gales  at  NW.      9 

12.  Fair  and  ferene  Weather,  fometimes  cloudy,  with  fmall  Gaks 
;uNW.     5  30^. 

J  3.  Fan- and  ferene  Weather,  with  fmall  Gales  at  N  W.      9  304. 
At  Night  calm. 

14.  Fair  and  ferene  Weather,  with  fmall  Gales  at  N  W.     9  30  4. 
At  Night  calm. 

15.  Frir  and  ferene  Weather,  with  fmall  Gaits  kt  S  S  W.     9  30  *. 
At  Night  the  Gale  freflmed  from  S  S  £. 

16.  Grey  cloudy  Weathert  with  moderate  Gales  at  S£.     9  30^- 
At  Night  iome  Rain. 

1 7  Grey  cloudy  Weather,  with  drizling  Rains,  and  fmall  Gales  at 
NW;    530^.    At  Night  calm. 

1 8.  Grey  cloudy  Weather,  with  moderate  Gales  at  N  W.     9  30  4 
Some  Sleet  in  the  Night. 

19.  Grey  cloudy  Weather,    with  moderate  Gales  ac  NW.     9 

30  ^• 

20.  Fair  and  ferene  Weather,  with  fmalf  Gafes  at  N  W«  •  9  30  j^ 
At  Night  30  ^. 

21.  The  Forenoon  fomewhat  hszy  and  calm.     9  30^     The  Af- 
ternoon ferene,  with  fnudl  Gaks  at  K  W.    9  30  4. 

22.  Fair 
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,    22*  Fair  and  ferene  Weather,  freezing,  with  frcfli  Gales  at  N  N  W. 
?  30  ^. 

23.  Serene  Weather,  freezing  hard,  with  ffe(h  Gaks  at  N  N  W,   8 
30  «.    At  Night  little  Wind. 

24.  Serene  Weather,  freezing  hard,  with  moderate  Gales  at  WNW. 
5  30  ih. 

25.  Fair  frofliy  Weather,    with  moderate   Gales    at  N  W.     5 

26.  Fair  frofty  Weather,  with  fmall  Gales  from  W  N  W  to  N  N  W- 
5  30  tS.    At  Night  Fog. 

27.  Fair  and  ferene  Weather,  freezing  with  little  Wind  at  N  W,  for 
the  moft  part  calm,     fi  30  -^v. 

28.  Fair  and  ferene  Weather,  freezing  with  fmall  Breezes  at  N, 
and  fometimcs  calm.     $  301^. 

29.  Fair  and  ferene  Weather,  freezing  with  fmall  Northerly  Breeates, 
for  the  moft  part   calm.     S  30  tv.     At  Night  fome  Wind  and. « 
Rain. 

30.  The  Morning  foggy,  all  Day  fair  and  pleafant,  with  fmall  Gales 
from  SE  toE  by  S.     ?  30  A. 

31.  Clofe  and  cloudy  Weather,  with  drizling  Rains,  for  the  mcA 
part  calm*     5  30  tz7. 

L.  Thick  h»y  Weather,  with  drizling  Rains,  for  the  moft  part  calm,  y^mtfo^* 
with  fmall  variable  Breezes.     2  30  w.  ^  *702* 

2.  Gfey  cloudy  Weather,  with  fome  Rain,  and  fmail  Gales  at  N  E. 
9  30  A. 

3.  Grey  cloudy  Weather,  with  foiall  Gales  at  N  and  N  N  W.  5 
30  A. 

4.  Grey  doudy  Weather,  with  fmall  Northerly  Gales.     5  30  A. 

5.  Grey  cloudy  Weather,  with  fmall  Northerly  Gales.  2  30  ^js. 
Afternoon  aad  Night  ferene. 

6.  Fair  and  pic^&nt  Weather,  with  moderate  Gales  at  S  E.  ,  In  the 
Evening  and  all  Night  calm.     9  301^. 

7.  Cloie  and  hai^y  Weadier,  with  finaU  Gales  at  E  S  £  and  S  E» 
fometimes  calm.     ?  30  vs. 

8.  Clofe  and  cloudy,  in  the  Morning  little  Wind,  towards  Noon 
Uowing  fomewhat  frefli  at  N  N  W,  and  in  the  Evening  moderate.  9 
30  ^,  riiing  to  30  A. 

9.  Grey  cloudy  Weather,  with  fmall  Northerly  Gales.     8  30  ■^. 

10.  Gi^y  cloudy  Weather,  with  iinall  variable  Gales,  fometimes 
calm.     S  30  ^. 

11.  Fair  and  ferene  Weadier^  with  fmall  Breezes  at  S  E.  S 
30  ^. 

12.  The  Weather  overcaft,  wkh  modcratse  Gales  at  WNW.    y 

30  re. 

Xxx  2  13.  Faiy 
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13.  Fair  and  plcafant  Weather,  with  moderate  Gales'at  N  W.     8 

14.  Fair  and  ferene  Weather,  with  fmall  G^les  at  N.     5  30  K. 

15.  Fair  and  ferene  Weather,  with  fmall  Gales  at  S  E.     2  30  A. 

16.  Grey  cloudy  Weather,  with  fmall  Gales  from  SSW  toSE. 
The  Afternoon  clofe  and  hazy,  with  fome  Rain.     5  30  A. 

17.  Clofe  hazy  Weather,  with  moderate  Gales  from  N  W  to  Nby 
W.  2  30  A.  At  Night  little  Wind.  The  Chinefe  New-Tear  begM 
this  Day. 

18.  Clofe  and  cloudy  Weather  and  calm.  2301V  The  Afternoon 
fmall  drizling  Rains. 

49.  Grey  cloudy  Weather,  with  frefli  Gales  at  N  by  W,  and  a  little 
Snow.     5  30  \fs. 

20.  Grey  cloudy  Weather,  with  fmall  Gales  at  N  W,  die  Afternoon 
Urcne,  and  freezing  hard  at  Night.     2  30  iV. 

21.  Fair  and  fertne  Weather,  freezing,  with  fmall  Gales  at  NN  W, 
for  the  moft  part  calm.     2  above  30  4g. 

22.  Fair  ferene  Weather,  freezing  hard,  with  fmall  Northerly  Breezes, 
for  the  moft  part  calm.     2  30  A. 

23.  Grey  cloudy  Weather  and  calm.     2  30  ^. 

24-  Clofe  hazy  Weather,  with  drizling  Rains  and  calm.  2 
30  ?V. 

25.  Grey  cloudy  Weather,  with  fmall  Gales  at  N  E.  2  30  w. 
At  Night  little  Wind  and  fome  Rain. 

26.  Clofe  and  cloudy  Weather,  with  fmall  Gales  at  N  E.  9  30  i^. 
At  Night  calm.     30  ^f 

27.  Thick  hazy  Weather,  .with  drizling  Rains  and  fmall  Gales  at 
N  by  E.     2  30  TO,  blowing  frefti  at  Night. 

28.  Grey  cloudy  Weather,  with  frefli  Gales  at  N  N  W.  2  30  tV 
At  Night  30  TO. 

29.  Grey  cloudy  Weather,  with  fine  Gales  at  N  W.     2  30  to. 

^      30.  Fair  and  pleafant  Weather,  with  nioderatc  Gales,  at  N  W.    5 
30  ^• 

31.  Fair  and  ferene  Weather,  with  fmall  Gales  at  NW.  ff 
30  TO.  ^  .    ; 

JRtgifier  of      IX.  I  herewith  fend  you  a  Copy  of  my  Regifter  of  the  Weather  at 
/it^  Wcfither   Qates  in  Effex^  from  the  ^tb  oi  December  169 1,  to  the  End  of  the  Year 
^M  'Pi'  ^   ^^9^'     ^  **'^  ^^  explain  fome  Things  in  the  Table, 
n.'j'^g.  ^         The  Ftrji  Column  having  D  at  the  Top,  contains  the  Dtfjr  of  the 
1917.  Month.  ... 

The  next  with  H,  the  Hour  of  the  Day,  which  beginning  from  i 

of  the  Clock  in  the  Morning,  I  count;  round  in  one  continued  Series  to 

24,  which  is  1 2  of  the  Clock  at  Night. 

The 
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The  Column  Tber  is  that  of  the  Thermofcope,  which  was  a  fealed 
one,  whereof  you  will  find  a  larger  Account  hereafter. 

The  Column  Bar  marks  the  height  of  the  Mercury  in  the  Barofcope. 

The  firft  Number  is  the  Inches  of  its  height,  the  fecond  Number 
marks  the  20th  Parts  of  an  loth  above  that  Inch  mark'd  by  the  finft 
Number. 

The  Column  Hyg  is  that  Which  marks  the'  Moifture  of  the  Air.  The 
Inftrument  I  us'd  was  the  Beard  of  a  wild  Oat,  of  which  each  Turn 
was  divided  into  fixteen  Degrees. 

The  Column  of  the  Wind  mark'd  the  Point  the  Wind  was  in,  but 
not  always  exaftly,  becaufe  the  Weathercock  vifible  out  of  my  Win- 
dow, was  ftiif,  and  turn'd  not  eafily  -,  nor  was  the.Houfe.  it  ftood  on 
fituate  exaAly  Eaft  and  Weft  ;  fo  that  it  was  not  eafy  by  the  ftanding 
of  the  Weathercock,  to  know  exadtly  the  PV)int  of  the  Wind  :  Where- 
fore I  contented  myfelf  to  fet  down  Iwrely  ope  of  the  4  Cardinal  Points, . 
when  the  Wind  was  pretty  near.it  -,  and  when  it  was  more  remote,  the 
two  Cardinal  Points  between  which  it  was,  putting  the  Letter  of  the 
Cardinal  Point  firft  to  which  it  was  neareft ;  jas  when  the  Wind  was  be- 
tween the  South  and  the  Weft,  if  it  were  hearer  the  Weft  than  the 
South,  I  writ  W.  S.  and  fo  of  the  reft. 

I  mark*d^befides,  the  Force  of  the  Wind,-  which  I  divided  into  four 
Degrees,  i.  When  it  juft  moved  the  Leaves.  2.  When  it  blew  a^ 
pretty  frelh  Gale.  3.  When  it  was  hard  and  whiftling  Wind..  4. 
When  it  blew  a  Storm.  Though  thefe  Divifions  were  not  made  wirfi 
that  Exaftnefs  as  they  might  have  been,  Had  one  had  an inftrument  on  ^ 
purpofc,  yet  they  may  give  fome  Help  to  thofe  who  would  make  Ob- 
servations from  fuch  Regifters  as  thefe,  (o)  was  when  there  was  not 
Wind  enough  to  move  a  I-.eaf  as  I  could  fee. 

As  to  the  Weather,  Cloudy  fignifies  more  of  the  Sky, (vifible  out  of 
the  Windows  of  my  Study,  which  were  Eaft  and  South)  cover'd  with  < 
Clouds,  than  not.     Fair  the  contrary.     Between  when  it  was  uncertain . 
whether  more  of  the  Sky  was  covered  or  clear.     Covered  when  no  part 
of  the  clear  Sky  appeared.     Chfe  when  the  Sky  was  coverM  with  one 
uniform  thick  Cloud. 

I  have  often  thought  that  if  fuch  a  Regifter  as  this  were  kept:  in  every 
County  in  Englandj  and  fo  conftantly  publifhed,  many  Things  relating , 
to  the  Air,  Winds,  Healtii,  Friiitfulnels,  fcfr.  might  be  coUefted  from 
them,  and  fcveral  Rules  and  Obfervations  concerning  the  Extent"  of 
Winds  and  R'ains,  tfr.  be  in  Time  eftabli(h'd,  to  the  great  Advantage 
of  Mankind.  From  this  folitary  one  there  is  little  to  be  collefted,  be- 
fides  the  ordinary  Obfervation,  which  I  fet  down  commonly  every  Mor- 
ning, there  feldom  happen'd  any  Rain, .  Snow,  or  other  remarkable 
Change,  which  I  did  not  fet  down. 

N,.B.. 
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3V.  B.  That  the  Thcrmofcope  mark'd  4,  which  I  made  ufe  of 
tUlACir.  7, 17QI.  was  one  of  thofe  Ibid  by  Mn  Tompioti,  wherein 
o  niark'd  Temperate,  and  the  Figures^  from  thence  incrcafihg  both 
upwards  and  downwards,  ihewM  the  Increafe  of  Heat  and  Cold 
from  Temperate.  ^  Sept.  22.  1701.  I  began  to  ufe  a  new  fealed 
Thermofcope,  adjufted  to  a  Scale  made  by  Mn  JiAn  Patrick^  who 
places  o  at  the  Top,  fuppofing  it  to  be  the  Heat  under  the  Line, 
and  fo  the  Figures  increafe  downwards,  with  the  Increafe  of  Cold. 
Temperate  being  placed  at  45*  This  Thermofcope  is  marked  5  in 
my  Regifter. 


D. 

H 

T6 

Ther. 

4 

Bar. 
30-^ 

Hyg. 

Wind. 

Weather. 

9 

I.          2 

S        I 

Fog. 

10 

«7 

2.           I 

4 

S  E    I 

Fair. 

ji 

10 

3.         "I 

4 

S  E    I 

Fog. 

12 

9 

^.          ^ 

3 

E        I 

Froft,  Clofe. 

13 

9 

3-       4 

30.0 

E       1 

Clofe. 

M 

9 

3-       7 

29.17 

E       2 

Froft,  Fair. 

»5 

9 

4.       2 

30.  0 

E        3 

Froft,  Fair. 

16 

9 

4.       4 

4 

Froft,  Fair. 

17 

9 

4.       € 

6 

E        I 

Froft,  Fait 

18 

9 

4. 

5 
3 

NE    1 

Clofe. 

'9 

9 

3.       3 

NE   1 

Fog,  Thaw. 

24 

29-19 

[        ' 

Cloudy,  a  licde  Rain  nexcMommg. 

4o 

IQ 

3-       4 

18 

N       I 

Clofe. 

21 

9 

3-       6 

19 

N       I 

Fog,  Froft. 

22 

— 

TO 

4. 

18 
14 

N       I 

Clofe. 

24 

2.       ^ 

SW  2 

Cloudy. 

25 

21 

2.        I 

^5 

Fair. 

2(5' 

21 

».        7 

13 

W      3 

Clofe. 

24 

12 

R^n  before  next  Morning. 

27 

18 
I 

I.       6 

6 

9 
8 

2!) 

2.      ^ 

SW    2 

Fair. 

2? 

Rain. 

29 

24 

9 
19 

3- 

2.       7 

10 

S        2 

Rain  hard* 

Clole,  and  fome  Time  after  Rain* 

Snow  be^nning  at  6. 

.^0 

8 

?•       7 

NW 

Fair. 

3' 

9 

4-       7 

12 

NW  0 

Fair,  hard  Froft. 

'7 

3«       3 

10 

SE    I 

Cloudy,  Thaw. 

•i 


D.H 


8 
9 

10 


II 

H 

>5 

i6 

>7 
i8 

!f 

20 
21 
22 


Ther. 
4 


7 
7 
5 
6 

3-     7 


84. 
164. 
20 
104 


9 

9 
20 

9 
12 


2. 


2. 
2. 

2. 

3- 
3- 


94- 
94. 
104. 
8 

9 

8 
9 

9- 
106. 


23 
24 

25 
26 

27 
x8 

»9 


346. 
5- 


5- 
6. 


Bar. 


II 

14 

8 

II 

»3 


3.    7 


1 

7 
17 


theWeather  in  Eflex. 

HygJWind.  Wiather. 


47 
43 
41 
43 
43 


SE 

W 

S 

S 

S 


SI 


29.18 
18 


I 


6 

5 
7 

4 
7 


30. 
3«- 


4 

5 
I 

I 
3-    7 


5 

7 

5.    6 


36 
36 
41 
45 


Clofe,  Snow  at  10. 

Fair. 

Clouds. 

Cloudy. 

Cloudy. 


Jamuuy 
169*. 


45 
50 

44 
26 


NE 
S 

SW 


Clofe. 
Clofe. 
Snow. 
Cloic. 
Clofe. 


6 
2 

29.18 
12 

9 


5i 

7 

6 
o 


7'd 
95.    6 


5 
6 

9 
II 


II 

II 

10 

9 


48 
41 
44 
46 
48 


N 

S 

E 


31 
45 
43 
%5 
44 


43 
18 


Clofe. 

Clofe. 

Rain» 

Fair. 

In  the  Shade. 


W  N  I  Clofe,  with  a  little  Fog. 

Very  fair  all  the  Afternoon,  now  clofe. 
I  Mifty. 
I  Clofe. 
Fog. 


1  Fog,  Ffoft. 
I  Fair,  hard  Froft. 
2|Clofe,  hard  Froft. 
Fair,Rain  &  Snowfbran  Hour  about  i  S. 


E 

N 

NE 

NW 

N  W  2JSnow  till  13 


NW 

N 

NW 


31 

28 

3» 
32 


33 
33 
32 


NW 

NW 
NW 
NW 


N 
N 
W 


Far.  Some  Clouds.  SnowintheAfter- 
Faar.  Snow  in  the  Afternoon. 
Very  fair,  hard  Froft. 
In  a  Northern  CWet  widiout  FiHe  at 
any  Time. 


_>>k. 


In  the  fame  Clofct,  very  hard  Froft. 
Fair,  Snow  a  little  at  14, 
Cloudy,  hard  Froft. 
Fair,  hard  Froft. 
CloBdy,  hard  Froft. 


I  Cloudy,  hard  Froft. 

1  Snow  in  the  Night,  an*  Snow  ftill. 

ifClofe,  Snow  all  Aftcrnooiu 

iV.^. 


5.2 


Fehruarj. 


T%e  Weather  in  Wkx. 

N.  B.  I  fufpeft  that  from  the  23d  to  the,  29th  inclufively,  the  Hy- 
grofcope  has  been  counted  16  Degrees,  /.  e!  one  whole  Turatoo  high^^ 
it  being  all  that  while  very  hard  Froft. 


D. 

H 

9 
9 

Ther. 
4 

30 
3' 

4.       4 

5-        3 

Bar. 


Hyg.j  Wind 


iWeatbcr. 


NW  2 
NW  I 


anow. 
CXok. 


o 
6 

7 
5 


5. 

9|  85- 
10    c,'s. 


101 

III 
II 

9 

7 


29. 

29. 
29. 


»9 
19 
20 

26 


20 


40 


W 
W 

w 
e: 

E 


[Fog. 
I 'Fog. 
ilFog. 

Clofe. 
3\^lore,  Snow  in  the  Evening. 


E 

N 
NE 

NE 
NE 


Snow. 

Clofe  Fog,  little  Thaw  at  i2. 

Fog,  Snow  in  the  Night. 
2  Snow. 
2  Clofe. 


II.   8  5,  8  W      I  Fair. 

129  7.       o      n  NW     Clofe,  freezing  exceflively. 

»3  9*4'  2  5J  SW  ilClofeThaw.  It  may  be  obfcrv'd  be- 
tween the  Thernnolcope  tO'day  and  yefterday  Morning,  there  is  ds 
Difference  of  two  whole  Degrees  and  |  a  greater  Rife  than  one  IhiB 
ordinarily  find.  The  Thermofcope  was  unmov'd  in  a  Comer  of  a 
very  large  Room,  out  of  all  Reach  of  the  Fire,  whereby  it  might  be 
alter'd. 


Martha 


Clofe. 
Clofe. 

F<«. 

Snow. 

Clofe. 


a'Far,  Rain  from  15  to  19. 
ijClofe,  Snow  laft  Night. 
zjCloudy,  Snow  laft  Night. 


Fair. 

3  Far. 

Fair. 

Rdn  very  gently  till  20,  hard  till  2?. 
The  Ground  cover'd  wiihSnow.  Clofe. 


The  W'eatber  ih  Effex. 


Weather. 


W 


Cloudy. 

Rain  till  i6i 

Rain. 

Fair. 

A  Htdc  dropping. 

Snow  for  J  Hour. 

Fair. 

Fair. 

Fair. 

A  little  Rain. 


Clofc. . 
iClofe. 
Clofc.  Small  Rain  at  ifptill  i6. 
Very  gentle  Rain. 
Hand  Rain  for  j  or  4  Hours  paft. 

Very  gentle  fmall  Rain. 

Fair. 

Clofe.    . 
3  Fair. 
2  Clofc,  Froftlaft"  Night. 


Vx)i..  IV.  Part  II. 


Clofc. 

Fair.    Rain  in  the  Night. 
Clofc. 
Cloudy. 
2  Clofc. 

I  I  t  I 

Small  Rain. 

Clofc.    Much  Rain  in  the  NighL 
zCTofc. 

2ClQi»dy.  (dropping. 

2  Cloudy.  Rain  laft  Night,  Houfcs  yet 

oCIofc. 

A  Ycry  Utde  9x>wer. 

Clofe,  a  little,  very  little  Snow  in  the 
Afternoon*  9  lifing. 
ilClouds. 

Very^r,  litdeSnow  andHailabouc 
12,  the  ^  ^ling  a  little. 
Yyy  25 


5.4 


JfpTilt 


H 


25 
•26 


27 
28 
29 


8 
8 

12 

18 
24 


Thcr. 
4 


2. 
I. 

I. 


I. 


8- 

170 
70. 

16 
8 


o. 
I. 


^o 


13 

22 


3» 


15 
'9 

24 
9 

24 


I   9 

24 


I. 


16 

[24 

9 
14 


2. 
I. 


142. 


Bar. 


the  Weath^  in  fiffex* 


Hyg. 


10 
2 

5 
7 
7 


o 

2 

7 
5 


7 

2 
12 
12 
10 


27 

35 

29 
34 


37 
33 

30 
32 


Wiiid.lWather. 


SW    2 

3 
SW   4aofc. 

SW     2 


Clofc. 

Hard  Rain,  the  5  a  little  fellen. 


WS  2 

W  I 

W  I 

W  1 

W  I 


Fair. 

Rain  very  little  at  Night. 


3^ 
32 


29 


N 
N 
W 


Clofe. 

Small  Rain. 

Clofe. 

Fair. 

Rain.  Rain  a  great  deal  laftNi^t. 


NW  3 
NW  3 

NW 


I 


llofe,  mifling  Rain  all  this  Morning 

till  now. 
Clofc. 
Fair. 
Clofe  Rain  laft  Night. 


Rain  as  almoft  all  this  Morning. 
Rain  gently,  as  the  great  Part  of  this 

Afternoon. 
Fair. 
Fair. 


728.16 


(52  IS 
39   SE 


17 
19 

29.  o 
2 


I4L        I 


10 
19 

«9 
19 


23 
32 


Clofe,  Rain  in  the  following  Part  of 
the  Night. 

Small  Rain. 

The  greateft  Part  of  the  forgoing 

Day  gentle  Rain. 
Clofe,  Rain  a  great  deal  laft  NTight, 

fo  as  to  make  a  Flood. 


NW  sSm^URain. 


26 
26 


SW   2  Fair. 

Clofe,  Rain  in  the  following  Part  of 
the  Night. 
N       2  Clofc. 


N  2 
NW  1 
NW  I 


26  SE     I 


Fair. 
Cloudy. 

Rain,  the  5  a  little  rifen,  the  Ram 
lafted  about  an  Hour^ 

Rain. 

:  17 


.  tbeTFeather  in  Effcx. 

D 

H 

»7 
8 

8 

3 
8 

Ther. 

4 

2.     I 
3-     2 

2.     4 

Bar. 

19 

,30.    3 

4 

2 

2 

Hyg. 

Wind. 

Weather,                    .  '     .           . 

6 

7 

8 

26 

27 
25 
25 
23 

SE     1 

NE   I 
N        1 

NE    1 

Rain. 
Cloudy.  ' 
Fair. 
Clofe. 
Clofe. 

9 

lO 

11 

I  a 

24 
8 

9 
8 

8 

'•     7 
2.    0 

3 
4 

2 

1 

29.  19 

30.  0 

I 

22 

21 

17 
12 

NE   1 
NE   2 
NE    1 
NE    1 

Clofe. 

A  little  Fog. 

Fair,  {|  1  23  }|. 

Not  a  Cloud  i6:\  {{. 

Scarce  a  Cloud  15  |  ft. 

*3 
«4 

8 
13 

8 
'3 

7 
8 

9 

23 
19I 

I.      4 
0. — 2 

I. — 0 

0.— 3 

0.-3 

0 

0-     3 
0.     I 

34.    0 
29.19 

16 

»5 

18 

»7 
16 

15 

7 
3 

10 
8 

9 
8 

6 

7 
18 

NE    I 
E       I 

NE    1 

Not  a  Cloud. 

Not  a  Cloud,   but  a  thick  Air  called 

a  red  Wind. 
High  Clouds. 
Clouds. 

»5 
i6 

'7 
i8 

NE   1 
W      2 
SW   2 

SW   2 

Very  fair. 

Very  fair. 

Very  fair. 

Small  Rain  for  a  little  while. 

Cloudy. 

^s^s 


»9 


20 


21 

22 
30 


In  the  Chfet  on  the  North  Side  of  the  Houfe, 


150. 
230- 

9 
16 


I. 

o. 


3 
2 
o 

5 


90.— 2 


90- 
230. 

81. 

24'2. 


14 

'5 


29. 


t6 
18 
18 
16 
16 


18 
27 

17 
21 


SW  2 


SW 
W 


Clofe. 

Rain. 

F^r. 

Clofe. 

Fair. 


S  W   2  Clofe,  a  little  Rain  this  Morning. 

2  Rain,  as  it  had  been  moft  pare  of  the 
Day. 

N  £    3  Rain,  and  all  the  Day  before  Rain. 


2t        8|  29  |NE    2iCloudy. 


In  the  Chamber  on  the  South  Side  of  the  Houfe. 


M»j, 


2. 


12 


II 
14 


29 


27 
29 


NW  2Cloudy,  Rain  laft  Night,  S  was  at  23 
laft  Night  Is  npw. 


NE 


Fair,  two  or  three  Showers  fince  8. 
Fair. 
Yyy  2 


"$6 


D. 


H 


8 
9 

lO 

i6 

»7 


i8 
19 

20 


Ther, 

4 


iBar. 


I. 
2. 


II 

8 
8 
80. — 2 

»9 


3 


72. 
170 . 
10  f; 


90- 
160 


8o" 


70. 
90. 

9 


7&  ^eatbtr  in  Eflex. 

Hyg.|  Wind.  Weather. 


14 
16 

16 

14 
»3 


»7 
»9 

»9 
»9 
«9 


19 
19 

17 
29.14 


29.12 
12 


26 
23 

24 

24 


NW  \ 

NW  2 

NW  I 
W 


la 


12 

»3 

»3 
8 


5 
6 


3 


J 


NE 

NE  2 

NE  2 

12    NE  2 


NE    I 
NE    I 


E 

NE 


S. 
W 

SE 


Fair. 

Clofc. 

Fog. 

Fair. 

Rain. 


Cloudy. 
Fair. 

Fair. 
Fair. 
Fair. 


Rain  a  little. 

A  few  Drops,  the  5    funk  a  very 

little. 
Fair. 
Not  a  Cloud. 


1  Clouds,  a  little  Shower  about  10. 

2  Cloudy,  I.  €.  more  Clouds  than  clear 
Sky. 

Cloudy. 


JV.  5.  Cloudy  fignifies  more  of  the  Sky  cover'd  than  clear.     Fair 
0gnifies  more  open  Sky  than  corer'd  with  Clouds. 

Cloudy. 

Rain  for  about  an  Hour. 
N  E    ijClofc,  /.  t.  the  Sky  no  where  to  be 
feen  for  Clouds ;  a  Shower  about 

17- 


Fair,  1.  i.  mone  Sky  than  Cloud$. 

Very  fair. 

Hard  Rain  about  i  df  an  Hour. 

Hard  Rain. 


8  fi  E    2  Clofe,.  aThjundeFShowor  at  19  the  5 
being  ri£|a  ta  i  u 

«7 


7%t  Wmhir  in  JEflex. 


Bar.  IHyg. 


N 


E    2 

NE  2 
NE  2 
W 
W 


Wind. 


Wc»^. 


SI 


Clofe. 

Cloudy. 

Clovdy. 

Cloudy. 

Rain. 


W  S 
SW 


SW 


W 
W 


Clofc. 
3  Raia  till  Night.. 
Rain. 

3  Rain  hard.. 

4  Clofe.. 


4  Cloudy. 
4  Cloudy.. 
2  Fair.. 

liFaif.. 


>r  7p         A      6j  la  |.W      3iFai, 

2    70 4   '3   W      JcioMdy. 

liolo x\      41  13  'W      4IA  r 


^hmL 


.  .  ~-^-r-  ,  ,  -  .  ---  Show€r  for  about  half  an  Hour, 
uid  then  tair  and  calm  ^ain,  at  ii^n  again^  th«  j|  a  litde  riifedr 
Several  Showers  m  this  Day., 


3 

4 


6 
9 

12 


6 

7 


8 

9|o. 
o 
o- 


70 529 


ICO 


il.> 


240 


70 


8o- 


ib|  90 


'4 
H 
14 
2 
4* 


6 


7 
6t 


II 


if    12 


14 
»4 
»3 
13 
»3 


14 

14 

14 

13 


(W 

w 


SW 

sw" 

SW 
SW 
S£ 


13 
J5 


18 


18 


Cloie. 

Raip  a  little. 
Fair. 
Clqfe. 
3Clopdy. 


2 


J3   S  E    2 


Hard  Rain  ^  Hour,    feveral 
Showers  this  Afternoon. 

1  Cloudy. 

2  Hard  Rain  x  Hour. 
Betwixt  Cloudy  and-  Fair. 


fuch: 


HM  Rain  J  Hour,,  and  a  very 
great  Shower  i  Hour,,  5  ftand- 
ing  as  it  was. 

Kxrc   _F"'-  (all  diis  Mprn. 

W  S   »Rain  a  good  part  of  laft  Night,  and 


Rain  all,  the  Afternoon  till  20  or  21, 
the  2   all  die  while  rifing,    now 
clofe. 
ojClofe,  Ram. the  paft  morning. 

n; 


S8 


77>e  U^eather  in  Effex. 


July: 


D. 


H 


12 
14 


Ther. 

4 

Bar.  Hyg. 

Wind. 

Weather.     •     - 
• 

0 

0         J 

0         • 

0  7 

1  I 

»3.  19 

i4l  19 
'7|  17 
17;  »9 

''1 

S  W  2 

S  W  2 

S    W   2 

W       I 
W      I 

Cloudy; 
Rain  J  Hour. 
Very  Cloddy. 
Cloudy. 
Cloudy.    • 

I.              0 

15  18 

N       I 

Very  fair. 

In  my  Abfence,  the  Thcrmofcope  beii^  olifcrv'd,  it  was  found  from 
the  15th  of  7«»^»  to  the  ixiAioi  Auguft^  never  to  get  fo  high  as  3, 
and  was  very  often  below  Temperate ;  fo  cold  was  this  Summer. 


M 

J9 

2 

6 

29.10 

Cloudy,  Raia  about  21. 

H 

9 

I 

5 

29.10 

SW    2 

Qoudy. 

LI 

I 

6 

29.10 

17 

SW    2 

Rain. 

23 

I 

0 

12 

»7 

Fair. 

15 

9 

12 

I 

2 

8 
7 

25 
2^ 

E           2 

Cloudy,  Rain  iaft  Night.      * 

I 

'J 

SE    ? 

Rain. 

16 

8 
8 

7 

0    . 

5 

12 

14 

25 
21 

22 

W      2 
SE    I 
SW    1 

Fair. 

17 

0   . 

« 

Fair. 

18 

I 

I 

Cloudy. 

24 
9 

2 

I 

13 

22 
22 

Small  mifty  Rain. 

19 

I 

4 

W  '      2 

Clofe. 

ao 

8 

I 

I 

18 

20 

SW  1 

Very  Cloudy. 

21 

8 

I 

0 

16 

19 

S        I 

Fair. 

10 

I 

^ 

16 

19 

W      I 

Very  fmall  Rain. 

12 
8 

I 

5 

16 

W      I 

Very  Cloudy. 

22 

I 

6 

18 

18 

NW  2 

Fair. 

23 
24 

25 

9 
g 

0 

s 

30.  0 
30.  0 
29.19 

16 

I') 

SW    I 

0 

Not  a  Cloud.    . 

n 

3 

Not  a  Cloud. 

8 

I 

1 

SW    I 

Not  a  Cloud.    (finceYeftcrdayMom, 

26 

8 

I 

2 

16 
16 

SE     I 

Not  a  Cloud,   5  gentry  finking  cvcf 

17 

.? 

.* 

I 

Fair. 

27 

7 

I 

5 

14 

12 

Thick  Fog. 

28 

8 

I 

I 

29.16 

12 

NW  2 

Very  fair. 

29 

9*0- 

7 

16 

10 

NW  I 

Very  Cloudy. 

1 

rac.SEI 

«7 


D. 

3» 


H 


Thcr. 
4. 


I. 
i_ 

3010. 

8 


18 

J  9 
20 


21 
22 

26 


28 
29 

31 


2210" 
90- 


9 
i8 


I. 


24 


o 

o 


160. 

90; 

I5I0 


9 

»4 

8 

9 


9 
23 

9 
9 

9 
I  ^ 


I. 
o"" 

I. 
I. 
o"" 

2. 

3- 

2. 


o 


Bar. 


7^  Weather  in  Effex. 
Hyg. 


59 


I 

9 

I. 

6 

12 

I. 

3 

H 

I. 

4 

2 

3 

?- 

« 

3 

■9!- 

6 

4 

8 

2. 

0 

5 

8 

1. 

6 

15 
13 

12 
13 

II 
II 
II 

14 


12 
12 

13 
12 

23 
13 
<3 

II 


Wind. 


NW 

NE 

NW 

sw 

s  w 
sw 

w 


Wotther. 


oClofe,  fome  linall  Drops. 

2  Clofe. 

I  A  little  Run. 

ijVeryfair. 


14 
16I 

29.H 

4 

5 

2 

10 


10 
8 


glCloudy. 

3  A  little  Rain. 

Hard  R^n  for 
till  17. 

Fair. 


9t^99fWtm 


c 
I 

7 


16 

37 
33 

^  33 
16   24 


15 
16 

17 
17 


15 
16 

30- 
29.19 
16 


16 

17 


W 


w 

s  ■ 
sw 
sw 

WN 


I  Hour,    and  fofc 


Cloudy. 
Very  fair. 


WS 
WS 
SW 
SW 


27 
30 
30 
29 

28 


13 
13 

15 
17 
18 

30 

29.19 
18 


Rain. 
Very  fair. 
Rain. 
Not  a  Cloud. 


Rain. 
Cloudy. 
Cloudy. 
Cloudy. 
Fair.  . 


SW 
SW 

W 
W 
W 


W 


27 
27 

28 
28 

29 
26 
1.8 

19  iN  E. 


NW 

E 

E 

N-E. 


Oaoher. 


Fair. 

Small  MiH^. 

Clofe. 

Scarce  a  Cloud.. 

Cloudy. 


I  Clofe. 

I  Clofe,.  a  little  milling  Rwh  good  part 
of  the  Afternoon. 
Cloudy. 

1  Clofc^  a  little  F<^. 

ijClofe,  a  little  gentle  Run  about  15. 

2  Cloudy. 

I  Fair.  * 

I 'Hard  Snow,   which  lafted  till  paft 

Midnight. 

I: 


6o 


ItwtnAir 


D.tH|Thcf.| 

4 


fhe  Wmhr  m  Effcx. 


Bar. 


Hyg 


I 

2  11  4* 

^5  3- 
3- 
3- 

2. 

r. 
I. 

2. 
2. 
2. 
2. 

Z. 

2. 
2. 


29.9 

7 


5 
6 


12 

24 

9 

9 
8 

.1 


4 

o 


10 
II 


9 
9 

16 


12 

13 
14 
15 

26 

»7 
18 

26 

27 
28 

29 
30 


I. 
9|i. 

3- 
94. 

94. 
104^ 


6 

5 
I 

2 


3- 
3- 


22 
104, 

9 


7 
o 


4- 


94- 


i 
6 

5 


13 
I 

16 

14 

14 


13 

17 
I 

14 
10 

4 
12 
16 


8 
ic 


16 

18 
i€ 
18 


»9 
20 

20 
23 


N  E   I  Pair,  fcarcc  a  Cloud. 

SW   iFroft. 

9W   iSno«r,  which  ijcgan  at  13,  and  hfted 

CO  20. 
W      I  Clofe. 


25 

39 
40 


36 
33 
32 
32 
33 


Wind. 


WS    I 


3 


33 

32 
30 


NE 
NE 
NE 
EN 
NE 


Clofe,  Rain  laft  Night. 
Clofe. 
Clofe. 
Clofe. 

Rmh,  which  began  at  14,  andoMid. 
nued  till  24. 


32 
33 
30 

28 

26 


31 

34 
35 
37 


N 

NW 
W 


w 
w 

NW  2 
W 


Weather. 


Rain,  which  begah  at  11,   and  b^led 

till  17. 
Clofe,    Rain    before  i,     and  (b  the 

greatcft  Part  of  the  Night. 

Clofe. 


Small  Rain  but    for    a    very    little 

while. 
Not  a  Cloud. 
A  little  Fog. 


Hard  Rain. 
Rain. 

Fair,  Froft. 
Very  fair,  hand  Froft. 
o  Very  feir,  hand  Frdft. 


3|Clofe,  Snow  hift  NiglK  fiiom  11  the 
greateft  Part  <rf"  this  Day. 
Very  Cloudy. 
SW   2 Rain. 

c^og,  in  the  Ck^et  «n  die  North  fide 
oftheHoufe. 


gjClofe,   in  the  Clofct   on   the  North 
fide  of  the  Houfe. 
34  E       alCloudy. 
32    E       3  Fan-,  Froft. 
31    E       3  Clofe,  Froft."      ■ 
iZ  JE       3  Cloudy,  Froft. 
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1 

4 
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16 
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39 
45 
48 

49 

54 


E 


SE 


Weather. 


2  Rain  mix'd  with  Hail,  the  Rain  as  it 
fell,  froze,  and  continued  milling 
till  14  or  15. 
Rain,  which  began  laft  Night,  and 
lafted  all  this  Day. 


Dttmbtr. 


s  w 
sw 


53 
54 
56 

58 


15   52/ 


29.  I 
II 


55 
53 


Fog- 
's W  oThickFog,  Froft. 

Rain  all  the  Morning. 

Cloudy. 

Cloudy. 


W 

W 
SW  4 


SW 


Cloudy,  fome  Rain  this  Morning. 

Clofe. 

Rain  and    Stormy  Wind    all    this 

Day. 
Hard  Rain. 


SW 


^3 

13 

10 

6 

4 

5 

3 
II 

»3 
II 


II 


53 
5^ 
54 
53 
54 

l6 

57 
56 
56 
54 


^  SW 
52 
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E 
S 
SE 

SE 


57 
56 


m     2 
2 

W       1 
W      I 

S  2 


SW    2 


Cloudy. 
Hard  Rain. 
Fair. 

Very  Cloudy. 
Very  Fair. 


Very  Fair. 

Very  Fair. 

Clofe. 

Rain  a  little  and  ihort. 

Clofe. 


Rain  all  Day. 
Rain  yet. 
Very  Fair; 
Thick  Fog. 
Clofe. 


Rain  from  iz. 


SW   I  Cloudy. 
In  nrf  Chamber  on  the  South  Side  of  the  Houfe. 
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17 

30-  3 

o 


54 
49 
43 
43 


WN  I  Fair. 
WN  I  Fair. 

E       o| Very  Fair,  HoarFroft. 
S       oMift.    A  Mift  is  when  the  Drops 
manifeftly  fall. 
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6 

*5 
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Wind. 


NE  o 

SW  2 

SW  3 
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Weather. 
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5' 

45 
40 


57 

51 

5» 

5» 
48 


48 

47 
57 

48 


Mift,    as    it  was   all   Day    yefter- 

day. 
Clofe. 
Rain. 
Not  a  Cloud. 


W 

W 
W 


3' Rain. 

4  Rain,  which  had  been  all  Night. 


Clofe. 


Fair,  Froft. 


SW   3  Rain  all  laft  Night. 

S         3  Clofe. 

SW 

SW 


SW   2 


4  Clofe. 

A  Rain  all  Day. 


S 
W 


46 

39 
40 


I 

4 


w 


Rain. 


Froft. 


Fair, 
Rain. 

Rain  very  hard  all  laft  Night  till 
now. 
AFair. 


4jNot  a  Cloud. 

2|Rain. 

ilcioudy. 


Ohf.r-vati,ns  X.  1.]  Mr.  TownUy  having  communicated  to  me  an  Account  of 
^ISrC  ^he  W««her,  ^c.  I  Lx\  coiSparc  my  Obfervations  on  that  Subjoft. 
thcr.  Rain,     hiade  at  Upnunfter  in  EffeXy  with  thofe  which  he  made  at  Townley  in 

IS?'  .?o°'     As  to  the  moft  remarkable  Weather,  efpecially  Ram  of  1702,  and 

l^Mr.Vf.  '  the Effefts  thereof:  Mr.  Townley  tells  me,  that  it  is  a^general  Com- 

Dcrham.   n.  plaint  .in  the  North  of  England,   that  there  were  but  fmaU  Crops  ot 

«86.p.i443.Hay,    which  Calamity  befel    the    Southern  Parts  alfo  j    Ae  Caufe 

whereof  may  be  perceiv'd  by  the  following  firft  Table  of  Monthly 

Raini  in  which  the  growing  Months  of  March  and  ^n/  appear 

to  have   been  dry  Months  in  Lancajbire,  and  A^  no  wet  Montii, 

confidering  the  Quantities   of   tlie    other   Months,    and    ot    otiw 

Years.    Hat  zt  Upminfter.  Jprfl -^  fortunately  a  wet  Month,    nU 

the  23d,  orelfe.  no  doubt,  we  ftwuld  have  fufltefd  more  than  wc 

did  in  the  Want  of  Hay  •,   for  the  growing  Month  of  A£trcb  was  a 

3  ^ 
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dry  Month,  by  the  following  Table ;  and  May  (which  by  the  fame 
Table  feemeth  to  have  had  near  a  due  Quantity  of  Rain)  was  a  very 
dry  Month :  For  very  little  Rain  fell  from  April  23  till  May  29,  and 
then  fell  in  great  Showers,  the  greateft  Quantity  of  that  Month's  Rain. 
Mr.  Townley  doth  not  tell  me  Particulars,  but  I  guefs  it  to  have  been 
after  this  manner  with  them  in  the  North  of  England  \  for  befides  that 
March  and  April  were  dry  Months  with  them,  and  May  fomewhat  more 
wet;  yet  probably  the  Wet  of  May  did  not  fall  early  in  May^  for  it 
appears  by  the  following  Table  the  third,  that  the  Mercury  was  high, 
and  on  fomewhat  a  fix*d  Station  on  May  13. 

Thus  much  for  the  Weather  in  the  Spring- Months  of  the  Year  1 702, 
and  the  EfFefts  it  had  on  Hay,  which  Effeds  I  have  fome  reafon  to  think 
extended  to  many  Parts  of  this  Kingdom. 

As  to  the  other  Months,  there  is  little  remarkable,  befides  the  vaft 
Difproportions  of  Rain  between  Lancajbirt  and  Effex^  which  I  fhould 
fcarce  take  notice  of,  if  it  was  not  what  happeneth  almoft  every  Year, 
as  will  appear  by  the  following  Table  the  firft  :  The  Caufe  of  this  I 
cannot  judge  of,  unlefs  it  be  that  Lancajhire  is  a  more  hilly  Country  than 
Ejfex^  which  fort  of  Lands,  as  they  more  need  Wet  than  Vales  and  low 
plain  Countries  do,  fo  have  greater  Shares  of  it  than  thefe  have  ;  and 
perhaps  fomething  may  be  attribyted  to  the  Weftern  Situation  of  Lan- 
cajhire near  the  Sea  -,  from  which  Quarter  the  Winds  in  England  blow 
more  than  from  the  Eailward. 

At  the  Foot  of  the  Table  of  Rain,  befides  the  Quantity  which  fell 
in  each  Year,  I  have  added  the  Depth  thereof  in  Inches  5  or  what  Depth 
it  would  have  been  of,  if  the  Earth  had  not  imbibM  it,  but  it  had  ftag- 
nated  on  the  Surface  thereof. 

I  have  added  two  Tables  more,  of  the  Stations  of  the  Mercury  in  the 
Barometer  at  Townley  in  Lancajhire^  and  at  Upminjier  in  EJfex^  with  tlie 
Differences  thereof;  and  this  obfervM  at  three  times  of  the  Day,  viz. 
in  the  Morning,  and  about  three  in  the  Afternoon  at  Townley,  but  at 
Noon  at  Upminjier^  and  at  nine  a-Clock  at  Night.  One  Table  to  the 
firft  Day  of  every  Month  ;  the  other  the  moft  remarkably  low,  high 
and  more  fettled  Stations  of  the  8  the  laft  Year  1702. 

By  thefe  Barometrical  Tables  it  may  be  feen  how  far  true  that  Opi-  The  Mercury 
nion  is  of  fome  learned  Men,  viz.  That  the  S  afcendeth  and  defcendeib  rjfes  and  falls 
in  all  Places  at  the  fame  Time^  and  in  the  fame  Proportion.     It  is  manifeft,  '^^^^^^ 
that  the  SP  doth  commonly  rife  and  fall  in  one  diftant  Place,  when  it  ximc,  ^b^^not 
doth  fo  in  another,  but  not  alike  :  Alfo  when  any  confiderable  Varia-  in  tbe\ime 
tion  is  in  one  Place  it  is  fo  in  another  •,  when  remarkably  high,  remark-  Proportion, 
ably  high ;  when  low,  low  5  when  a  great  Afcent  or  Dcfcent,  generally 
the  fame  elfewherc  ^  but  only  the  Differences  o£  ail  thefe  arc  not  in 

Z  z  z  2  equal 
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equal  Proportion  in  all  Placet ;  all  which  fixmcch  itafimable  to  lAex- 
pefted,  by  reafon  of  die  Difiwence  of  Weather  in  difiocDt  ^^ 
daily  as  to  wet  and  dry. 
JrtwmyUi      There  is  one  thing  more  in  the  following  thin}  Table,  whidi  I  think 
Mccftc  if  ihi  dcfcrves  Remark,  becaufe  I  believe  it  to  be  the  moft  confiderable  Alie- 
*'*"'^*       ration  of  the  Mercury,  that  hath  ever  happened  fincc  the  Invention  of 
the  BarofcGpe^  and  that  was  the  Defcent  on  Febr.  ^d  and  ^b  1 702  ;  con- 
cerning which,  Mr.  Townley  in  a  former  Letter  gives  me  this  Account, 
**  That  on  Fetr.  ^d  the  8  was  at  three  in  the  Morning  at  29.  15.  at 
^**  jh.  28.  50.  and  at  10  at  Night  at  27.  5.     The  next  Day  it  fell  yet 
*'  lower,  and  about  12  was  at  the  loweft,  viz.  27.  39 ;  but  for  an  Hour 
**  before,  and  as  much  after,  it  varied  only  fo  much  as  to  make  it  fen- 
*'  fible  that  it  was  fallen,  and  began  to  rife  again;  the  loweft  he  had 
"  ever  feen  it  before  was  on  Nov.  18,   1674,  when  it  fell  to  27.  63. 
••  That  Mr.  Flamfteed  at  the  Obfervatory  obferv'd  as  remarkable  a  De- 
•'  fcent  of  his  8 ;  and  that  it  happened  about  the  fame  Time  of  the 
"  Day,  viz.  two  of  the  Clock  in  the  Afternoon  at  both  Places. 

And  laftfy^  he  tells  me,  "  That  the  Defcent  in  Feir.  laft  was  the 
"  greateft  that  has  been  fincc  the  filling  his  Tube,  which  was  in  March 
"  1665.'*  The  Particulars  which  I  obferved  here  2xUpmnfter  about 
that  Defcent  were,  That  on  Febr.  2  the  9  was  high,  viz.  29-  80.  the 
next  Morning  29.  50.  at  Noon  29.  16.  at  Night  28. 43.  the  neact  Morn- 
ing, (viz.  Ftbr.  4.)  at  feven  of  the  Clock,  it  was  fallen  to  28. 5.  and 
was  globofe,  as  if  it  had  rifen,  or  was  inclin'd  to  rife :  But  it  conti- 
nued in  the  fame  Station  till  Afternoon,  and  then  began  to  rife  about 
two  of  the  Clock,  and  rofe  haftily.  The  Weather  accompanying  was 
fair  on  Feir.  ^d  in  the  Morning,  hazy  at  Noon,  and  Rain  at  Night, 
and  a  violent  Tempeft  in  the  Night,  and  all  the  next  Morning,  of 
Febr.  /^tb. 


TABLE 
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TABLE   I. 

A  Table,  fhewing  how  many  Pounds,  and 
Centefimals  of  a  Pound  ^roy  of  Rain,  fell 
at  Tomnley  in  LancajhtrCy  and  at  Upmin- 
fter  in  Effexj  in  each  Month  of  the  Years 
1699,  @c.  with  the  Quantity  and  Depth 
every  Year. 
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1699 

1700 

1 701 

1702 

Ttvonl. 

Upnr. 

?«»»/. 

Ufmr. 

Tovml. 

Ut 

^ffir. 

Townl. 

Upmr. 

Januar. 

»7 
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84 
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22 
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10 

9     81 
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32 

70 
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5 

»9 

12 

7 

64 

16 

78 
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78 
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27 

7    30 

March 

17 

92 

5 

63 

7 

58 

I 

55 

7 

10 

3 

9» 

2 

48 

2     37 

April 

10 

47 

3 

44 

18 

65 

7 

60 

6 

II 

I 

43 

5 

34 

10    90 

May 
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00 
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67 

'7 

92 

6 

91 

19 

67 

9 

II 

8 

81 

6    49 

June 

10 

S7 

40 

'3 

15 

7 

60 

II 

34 

5 

79 

23 

00 

13    46 

July 

le 

51 

6 

36 

15 

26 

4 

24 

17 

58 

9 

49 

25 

31 

43     09 

Auguft 

19 

77 
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57 

12 

05 

8 

14 

23 

66 

6 

57 

20 

12 

6     88 

Sept. 

16 

53 

8 

06 

23 

52 

H 

85 

21 

30 

5 

63 

23 

01 

8    05 

Oftob. 
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13 

49 

26 

44 
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10 

21 

28 

57 

7     92 

Nov. 

H 

65 

I 

91 

13 
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5 

24 

25    60 

8 

22 

37 

II 

14    05 

Dec. 

16 

78 

5 

77 

26 

88 

10 

30 

10     19 

9 

33 

41' 

63 

10     27 

Total 
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51 

75 

55 

2*5 

30 

95 

«3 
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33 

93 

45 
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lie 

43 
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19 
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41 

266 

18 
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51 
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TABLE  11. 

A  Tabic  (hewing  the  Height  of  the  g  at  Townley 
and  Vpminfler^  on  the  firft  Day  of  every  Month 
in  the  Year  1 702,  three  times  a  Day,  *vi%,  about 
7  in  the  Morning,  and  9  at  Night;  and  about 
3  Afternoon  at  Townlty^  with  the  Difference  of 
the  ^  's  Variation^  and  iu  Difference  between 
both  Places. 
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Differ. 

lower 

of  the 

at     1     at 

at 

at 

at 

Month. 

Town.  Upmr. 

Town. 

Upmr. 

Town. 

29     06  29     28 

22 

Jan. 
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68 
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01 
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10 
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49 

49 

02 

09 

44 

II 

05 

35 

56 
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June 

61 

82 
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84 
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01 

IQ 
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49 

74 
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>7 
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12 

03 

03 

17 
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11 
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5^ 
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18 
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50 
34 
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A  Table  (hewing  the  Lewefi  Sim- 

tions  of  the  j;  in  the  Year  1 70 2,  at 

To^miey  and  Upminfter  ;  with  the 

Differenceof  the?  at  bothPlaces 


Day 
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Month. 
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Upmr. 
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35 

High  Stations  of  $  An 

170^. 

Upmr. 

Town.               1 
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*7 
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78 
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<S8 
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21 
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2.]  A  ProJpeSl  of  the  Weather,  Winds  and  Height  of  the  Mercury  /^Obfcrvations 
the  Barometer,  on  the  firft  Day  of  the  Month  -,  and  of  the  whole  Rain  in  "[l^^^^J^^' 
every  Month  in  the  Tear  1703,  and  the  Beginning  of  1704.     Obferv^d  at  ,-q'    ^'^ 
Townley  in  Lancalhire,  by  R.  Townley,  Efy\  and  at  Upminfter  in  Effex,  ^  Mr^  W.  ' 
by  Mr.  W.  Derham.  Dcrham.  n. 

297.  p.  1877. 
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N 

NNW4 

28  76 
83 

86 

87 
30  08 

7  04 

9  55 

Nov. 

Overcaft 

Cloudy 

E 

N^Ei 

29  57 
52 

29  72 
69 

28  56 

7  27 

Dec. 

Overcafi 
Cloudy 

Overcaft 
Rain 

W       3 

36 

45 
48 

81 

10  24 
19660 

2  14 
119  94 

68 


c 

Mon. 

U/ervations  on 

IFeatberWeatber 

at           at 
Town.    Upmin. 

\  the  Wtathify 

Windi     Winds 

at           at 
Town.  Upnfinft. 

Rain 

Barontm 

at 
Town. 

Barom. 

at 
Upm. 

30  07 
10 
10 

ndsytxc. 

Rain    Ram 

at         at 

Town.  Upm. 

170I 
Jan. 

Overcaft 

Overcafi 

SSE 
SE    2 

E  0 
SEiyEi 

80 
8a 
85 

3*  39 

4  06 

Feb. 

Overcafi 

Mifiing 
Cloudy 

W 

NW^Ni 

90 
02 

02 

23 
26 
26 

5  93 

2  19 

Mar. 

Overcafi 

Overcaft 
Fairer 

s 

SE^yEo 
SE       I 

29    II 

29  58 
45 
40 

20  78 

i5  04 

Apr. 

Cloutfy 

and 

Chequered 

Rmh 
with  bail 
Fair 

W      4 

N  W7 

Siy  W4 

Clouds 

SW^W 

zS  72 

94 

07 

38 

From  thefe  Tables  it  is  to  be  obfervM, 

I.  That  much  more  Rain  fallcth  at  Townley  than  Upminfter. 

I  have  an  £xtra6b  of  the  Rain  at  Paris  and  I^fle^  as  far  as  the  Frtncb 
have  publiftiM  their  Obfervations.  And  by  comparing  the  Rain  of  one 
Place  with  that  of  another,  I  find  that  there  is  about  twice  as  much 
Rain  falleth  at  Townky^  as  doth  either  at  Upmin^erj  Paris^  or  Lijk.  Mr. 
Townley  hath  formerly  obferv'd,  that  as  much  more  Rain  falleth  at 
Townley  as  Paris.  And  M.  de  la  Hire  obferves,  that  more  Rain  falledi 
at  Lijle  than  Paris.     But  townley  doth  far  exceed. 

At  UJU^  one  Year  with  another,  the  Depth  of  the  Rains  amounts  to 
22  Inches  3  Lines,  Paris  Meafure,  or  23  in  3  /.  which  make  about  23J 
Inches  Englijh^  or  241.  At  Paris j  one  Year  with  another,  they  amount 
to  20  Inches  3  J  Lines  Paris  Meafure,  which  is  near  22  Inches  EngSJL 
But  at  Townley^  one  Year  with  another,  according  to  Mr.  Townky^sCom- 
putation  formerly,  the  Rains  amount  to  above  41  Inches  Depth.  And 
by  taking  eight  other  Years,  in  which  the  Rain  was  obferved  both  at 
Townley  and  Upminfter  (viz.  from  1696  to  1704)  I  found  that  all  the 
eight  Years  Rain  at  Townley  amounteth  to  above  1700/.  Troy^  at  Up- 
minfter 823/  only.  Which  faid  Sums  being  divided  by  8,  give  2I2/.J 
one  Year  with  another,  at  Townley^  and  103  /.  jt  Upmnfter.  Each  of 
which  Sums  being  doubled,  and  making  a  Decimal  Fraction  of  die 
laft  Figure,  doth  nearly  give  the  Number  of  Inches,  which  all  the 
Rain  would  have  rifen  to,  if  the  Earth  had  not  fwallow'd  it  up,  viz. 
42  f  Inches  at  Townley^  and  about  20}  Inches  at  Upminfter.  Wherefore 
the  Rain  at  Upminfter  is  lefs  than  at  Paris^  at  Paris  than  at  Zjfe,  and  at 
every  one  of  the  Places  lefs  than  at  Townley  by  much.  The  Reafon  of 
which  vaft  Surmount  at  Townley^  is  doubtlefs  from  the  Height  of  the 
Hills  thereabouts,  which  retard  or  flop  the  Wcfterly  Clouds  :  From 

which 


Obferoatiom  m  the  Weather^  Hahfj  Winds^  &c.  69, 

Krhkh  Point  the  Winds  blow  more  than  any  other  here  in  England: 
5ut, 

I    2.  Notwithftafliding  the  great  Difpl-oportion  of  Rain  between  one 
t^lace  and  another,  yet  there  is  a  great  Agreement  between  our  Baro-      -  .  \.    ' 
Heters ;  one  rifing  or  failing  when  the  other  doth ;  and  that  much,  or  ^ 

bttle,  as  the  other  doth ;  altho^  not  always  fo  exaAly  in  the  fame  Pro*  ; 
portion. 

!  And  this  ts  what  I  find  Mot&tVLt  Maraldi  hath  obfervM*  by  com- 
paring his  Obfervations  at  Paris  with  mine  at  Upminfter^  in  the  Years 
\6g7  and  1698.  Only  at  Paris  the  9  is  commonly  three  at  four  Lines 
ower  than  at  Upminfter.  And  fo  it  appears  to  be  at  TowBiyty  from  this 
nd  fome  other  Tables,  viz.  three  or  four  Tenths  of  an  Inch  lower  at 
r^wnhy  than  an  Vpminfter.  Which  is  an  Argument  that  Taumley  and 
^aris  are  fituated  higher  above  the  Surface  of  the  Sea  than  Upminfter 
which  is  nearly  in  the  fame  Level  with  London)  is. 

3.  There  is  fome  Agreement  between  the  Winds  zi^ewnky  and  Up-  • 
tinfter.  Which  altho*  not  always  exaftly  in  the  fame  Point,  yet  do 
ften  tend  the  fame  way,  blowing  within  a  Point  or  two  perhaps  of  the 
wnc  Courfe  j  efpccially  when  the  Wind  is  fomewhat  ftrong.  Or  if  the 
Vinds  h^ve  differ'd,  yet  the  Scudd  (as  the  Seamen  call  the  Current  of  , 
he  Clouds)  hath  commonly  fhown  the  Motion  of  the  upper  Air  to  agree 
bereto- 

This  doth  often  happen,  tho'  not  always.  And  this  Monfieur  Ma^ 
aldi  hath  obfervM  at  Paris  in  the  aforefaid  Years,  viz.  **  That  there  are  i 
^  a  great  many  Days,  during  the  different  Seafons  of  the  Year,  where 
I  the  Winds  are  the  fame  in  both  Places,  [/.  e.  Paris  and  Upminfier.} 
'  When  the  Wind  was  the  fame,  both  in  one  part  and  the  other,  it 
^  was  ordinarily  pretty  fkrong,  and  of  long  Continuance.  And  alfo 
'  he  obferved  that  the  Winds  had  changed  alike  in  both  Places.  Fid. 
Tijt.  de  I* Acad.  Roy.  dis  Sciences^  An.  1699. 
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^o  Oiftrmtkm  m  $he  H^iOtBer^  Rain^  M^mds,  JBcc 


Tablet  •fthi 
Wetther,  tic. 
ftr  170$.  h 
thi  fame.  n. 
309.  p.  i37«- 


"       ■     jA^ftTAllY.  '           '    '                r..  .  n 

•     «     •     0 

VFcAtfacr 

Wad 

Courleof 
the  Clouds 

Barom. 

Th. 

Rain 

5 

Froft 

Fair 

Cloudy 

N/bWo 

X 

NE 

30    U 

79 
90 

87 

10 

Froft  with  thick 
Air 

Wo 
EbSo 

.  11 

22 
45 

<2 

93 
.87 
74 
85 
95 

73 
96 
82 

92 
103 

9} 

HaidFroft 
1 5  and  cloudjr 
Thaw 

WbNi 
SWo 

00 
29      97 

93 

ao 

Froft  and  fine 
Weather 

Ei 
EbSi 

30    03 
06 
13 

^5 

Mift- 

Brighter 

Cloudy 

EbS  I 
ESE  I 

29     79 
80 
81 

0    36 

30 

Cloudy 

Snow 

Clou4y 

Ni 
N  b  E  I 

NbE 

30    03 
02 

^2     ??. 

87 
97 

I. 
I     11 

.     ,..-.                                                                .1 

'     FfeBRU 

A  R  Y.                                   7...I2...9     1 

' 

Waither 

Wiad 

Courfe  of 
the  Clouds 

Barom. 

Th. 

98 
102 

93 

97 

"5 

.107 

84 

88 

92 

100 

Rain 

5 

Rain 

S-2 

SEtSiz' 

• 

28     89 

77 

•78 

2     6S 

10 

Fair 

Cloudy 

Rain 

SSEi 
S5 

SWbS 

29     85 
81 
66 

15 

Froft 

Sun-(hine  ¥rith 
thin  Mift 

NbWo 

30    39 
■31 

Mifty 
Cloudy 

EbNa 

03 

29    97 
8^ 

25 

30 

Froft 

Fair 

Rainy 

SbE  I 
Sz 

SSW 

28 

27 
19 

81 

i»5 
95 

The  Sum  of 
the  Rains 

I. 

M 

ARCR 

Ohfen>Atims  $n  the  l^tathtr^  RaiHy  ff^mh^  ^ 

MARCH.                            .                 6...  12...  .Q.    1 

W«ather 

Wind 

C^rfe  of 

the  Clouds 

Barom. 

Th. 

Rain 

5 

Cloudy      ; 
Fair 

NNE3 

N,E;. 

1 

29    61 

.  94 
..90 

,  • .  •  ' 

10 

15 

Froft 

Sun-fhine 

Cloudy 

E^Ei 

wi>N 

1 

41 

:  40 

■     4P 

86 
112 

"94 
'?5 

.     1 

Rdn 

* 

Ei 

s 

24 
17 

V 

20 

Dark  .with  Storms 
of  Snow  ' 

NbE2 

65 

88 

-  •' 

25 

Brighter  with  fmall 
Snow 

NbW2 

•  •'    21 

'    48 

»3i 

104 
8i' 

116 

127 
1.08 

: 

30 

Turbid  and  rainy 

SbW3 
SW8 

:    .25 
■     30 

„.  '     22 

5     55 

-                     .  1 
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; 

WeaAcr 

Wind, 

Courfe  of 
theClquds 

"Ba^om.  ■■ 

-• 

'   Rain 

•5 

Cloudy- 
Dirty 
Progs 

WSW  r 

'                i     ' 

[H  72 
70 

66 

102 

122 

liO 

.98. 
V7 

\  '. 

•10 

I 

15 

Rainy 

E  b  N  I 

SbW^ 

1    •  '         '     '     ( 

34 

•  :  32 
'  25 

3.  ..     ' .: 

Froft  wlA: 
Sun-fhJB«    . 
Cloudy 

No 

• 

•   82 

;    90 

116 
9S 

20 

Qoudy 
Milde^ 

W|>S  I 

W'2 

1 

91 
,    92 

■    85 

lor 

134 
.rfetj 

r--  • 

25 

Hoar-froft 
Thunder  ■srith 
much  Rain 

Wo 

i  1 

• 

Nbw 
NbW  • 

',    70 

80 

'87 

86 

100 
109^ 

•. 

P 

Fair  and  warm  ' 

Wt>Ni 

i      » 

-         68 

.-       73 

I. 

7* 


4  A  2 


MAY. 


72 


Obfervatiofu  oh  the  Weatftery  Rainy  H^inJsy  &c. 


MAY.                                                   5  ...  12  ...  9 

5 

Weather 

Wind 

Courftof 
the  Clouds 

Barom. 

Th- 

"5 

>50 
120 

Rain 

A  cloudy  Day 

SWbSi 
SbWa 

29    61 

55 

IO 

15 

Cloudy 
Fair 

SS  W  I 
WbN2 

N  W 

30     07 

05 
29     98 

104 
142 

124 

92 

_97 
106 
124 

JL'3 

Showen  of  Hail 
and  Rain 

NWbN2 

• 

80 
95 

0       22 

20 

Cloudy 
Fair 

N  I 
NbE2 

78 
78 
80 

25 

30 

Cloudy  and 

Cold 

Clearer 

NbE2 
N2 

"NNE 

85 
96 

93 
izo 
101 

. 

Cloudy  and  cold 

WbN  I 

71 

85 

98 
99 

1. 

2      03 

JUNE.                                                 5  ..  12  ...  9 

.  Weather 

Wind 

Courfe  of 
the  Clouds 

Barom. 

Th. 

Rain 

5 

Cloudy  and 

Warm 

Dropping 

SWi 

^NWi 

W 

WNW 

29     6z 

65 
64 

119 

143 
126 

1 10 
126 

io 

Sun-fhine  with , 
Heat 
Cloudjr,  Rainy 

ESE2 
EbSz 

SEbS 

30    03 

01 

29     94 

0    30 

15 

Mill 
Hot 
Sun-fhine. 

w  b  s  r 

2 

92 
92 

■          93 

127 

152 
132 

20 

Cloudy. 

Hot 

Not  To  hot 

El 

95 
94 

125 
125 

25 

Cloudy 

Drops 

Shower» 

SWbW2 

!■': 

62 

59 
50 

'37 
131 

0    08 

30 

Mift 

Sun-lhine 

Hot 

No 
Wi 

84 
62 
04 

106 
156 

1. 
3     19 

JULY. 


Obfervatkm  on  tin  Weaibery  ^^  WinJs,  isx:. 


Cloudy 
lO  Showers  and,  not 
fo  hot  ' 


ts 


^5 


30 


J  u  L  T- 


Weather 


Sun-ihinc 
Rain 


Sun-fhine 
Very  hot      ' 


Sun-fliine  with 
20  Heat 
Cloudy 


Sometimes  Sun- 
flune,  fometimes 
cloudy 


Sun-fliine 
Cloudy 
Lefs  cloudy 


Wind 


Courfeof 
theClouds 


12  . . . 


W  o 
NWi 


NbW3 
5 


EbSo 

S2 


-SWbWol 

NNW2 


Wi>So 
SbWs 


Wb5i 
SW2 


NW 


N 


W 


Barom. 


30  08 
08 
10 


29    79 

88 

30.  80 


29    96 

■  93 

■  90 


30    03 


29      72 
69 

66 


79 

82 

82 


Th. 

22 

16 


12 
20 
18 


12 

63 
45 


36 

10 

70 
48 

16 

5* 


Rain 


o    82 


'5     56 


A  U  frU  S  T. 


12  . 


10 


Sun-Ihine 
Windy , 
Mifty   i 


^5 


20 


25 


Weather 


Cloudy      . 
Lefs  cl6udy 


-SSW-t 
SW6 


Thick 
Cloudy^ 


Sun-fhine 
Drops 
Lefs  cloudy' 


30 


Sun-jSiine. 
Drops 
Lefs  cloudy 


Wind 


WSWi 
WbNi 


SWo  - 
SSWi 


Si 


Much  Rain 


W  1 
WNW6 


Si 
SbW4 


Courfe  of 
theClouds 


W 


S^  W  - 


S  W 


N-W 


Barom. 


29    80 

.    86 

"      86 


48- 

144 


;9r 
82 


4i 

I 

1^ 


SSW 


34- 

42 

41 


Th. 


133 

158 

148 


150 
138 


109 

^53 
13* 


120 


129 


»05 

128 

"7 


68     127 

71  1142 
74  I  "4 


Rain 


I  - 

I      00" 


b    07^ 


10 


1.: 
81 


SEPTEM^^ 


7^^ 


7%' 


j^ 


IS, 


Sometitnes  Sbti- 

(hine,  foobetvndf 

blo«iy'    ■'..    ..:. 


lO 


15 


20 


^5 


30 


OBjfervathni  m  the  Weixihery  Rainy  Wiftisytxt. 
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SEPTEMBER. 


Wtathcf 


Cioudyt    • '  . 
Showert.    \ 


Cloudy 

Mifty 

Cloudy 


Cloudy 


Small  Rain> 


Hoar-ffoft  and 
SuDfciihJBe   


SWbWo 


dreClouds 

wslw 


ss  W 


WTTWoN 


Wi 


ETii 
EblN4 


SWbSi 
SStVo 


N  Wo 
WbNi 


SW^bow 
NWbelow 


bW 


Baiiom. 


29    88 
•   88 


V 


30     13 


25 
25 

12 


29   a6 
40 


t— * 


48 


Th. 


107 
144 


102 


j^ 


119 


r-r- 


124 
138 


110 
122 


93 

112 

^a 


Raia 


I. 

o    04 


,JDLC.Tafi.£«^ 


r2 


Sometimcsihowei-s 
fometimes  Suh- 
„  fliine- 


ro 


1.5 


20 


30 


■Wcathert  ■^Vintl: 


Courfe  of' 
^Clouds 


Thick  Mift 
:  iSun-lQuAe. 


Cloudy  ^ 


T-^ 


i. 


Sun-ihiile 
Cloudy 


■t*^ 


••y  •  »  ir   J  ■• 


Sun^-lhii^j'andicoJQ 


Sb  Wa 


SEo 
ES£o 


WSW2 


»■  *■»>< 


|SEi 
EbS2 


— '  aSr^nr 


Na 
3 


I  ■'» 


■jfi  I  ^1  I  ivi  i,a 


Jroft  with  Sun- 
mine 


**■    KJti 


^-'t     ;— '1— |-|--Th-  ;- 


NblT 


!   I   * 


W. 


.  29  ' 75 


SEttE 


1'  111 


Bart)m. 


.28  I  93 
y99 

«5>  '   TO 


''-t 


s.       93 
98 

3P-  ^5 


■«.■  .4. 


21 


a  !i8 
16 


186 
92 
JO-   0-4- 


,2^,  94 


i° 


CO 


Th. 


Ill 

127 
«i 


lOI 
128 


98 
10* 


86 


89 

«7 


87 
89. 


Rain 


<^..^' 


-g  ^? 


16 


01 


N  O  V  E  M- 


I 


.K^firmiam  w  tUWtafhtr^  Raifi,  WMsy  &». 


NOVEMBER.                                i.  ..  12.'.'.  9*1 

Weather 

Wi^ 

Courfc  of 
the  Cloud! 

Barom. 

Th. 

Rain 

5 

Froft  and 
Sun-Ihine 
Cloudy 

ENEi 
EbNi 

E 

29    68 
72 
72 

83 
103 

lOI 

?o 

Cloudy 
Rainy 

6 

80 
44 

103 
120 

80 

9    27 

15 

Frofty 
and. 
Sun-ihine 

30     05 

36 
25 

Thick  Mift 
Rain  and 
TurWd  . 

N.2 

Wi 
9 

• 

29    57 
57 
$5 

89 

-_9« 

79 

.76 
102' 
112' 

0        91 

Froft  and       ' 
thirfMift^  ■'■  ■ 

r                     -      » 

Wo 

65 
71 

3<5 

thin  Mift 
Cloudy  ' 
Rain 

$bW2 
4 

ssw 

10 

10 

28     84 

.1. 

.5     84 

*        ■                           • 

DECEMBER.                                  8  ..  .12  ...  9 

' 

WcaUicr 

Wind 

Courfeof 
the  Clouds 

Barom. 

Th. 

Rain 

5; 

10 

Sometimes  cloudy, 
fometimes  fair 

W2 
WbNs 

NW 

29     10 

25 
46 

52 
102 

,92 

! 

Cloudy  .  ■ 

NN  W  J 

45 
.61  ' 

£8' 

15 

20 

Small  R«^ 
Rain 

SWbW 
WbSs 

f 

34 

36 

.31 

top* 
101 

9S 

I    ai 

Rain 
Clear 
Froft 

Si       , 

I 

- 

^8     73 

73' 

7^6, 

94 
J  00 

rS4( 

I    .83 

»5 

[noudy 

[lain 

3no«ry 

N^Ea 

NNE 

29    72 

76 
90 

•94: 

0           48            ; 

30 1 

3ark 

JEbSi 

-.92 

90- 
•  96 

If 
Ml 

1.    , 

"it-    70 

^""^ 

. 

In 

'75 


;  7^  'Ohfervationt  4m  the  Weather^  Rairty  JVinds^  8cc 

^'"rXt" ^^  "  ^^^^^  Tallies  I  have  fclcftcd  only  cvay  fifth  Day  of  crcry  Montk, 
tu  Tables.^    y^j^j^h  may  give  a  commodious  View  of  the  whole  Year. 

Thefc  T»lcs  cannot  want  much  ExpKcation  beyond  their  Titles,  ex- 
cept in  the  Columns  of  Winds  and  CknidSs  in  which  I  hare  made  trfe  of 
the  Marks  in  Englijh.    For  their  Variety  wai  not  known  to  the  Rpmmu. 
The  four  principal  Quarters  arc  denoted  by  thcfc  Letters :  N  tbe 
Noctb,  S  the  South,  £  the  Eaft,  and  W  the  Weft. 

The  intermediate  Pomts  are  denoted  by  a  Conjundion  of  thcic  Let- 

!    ters ;  NiW  denotes  the  Wind  which  Seneca  calls  CoruSj  we  the  North- 

.   We^  which  he  fays  blaws  from  the  Weftem  SoUUcc ;  S  W  4fWw, 

I    or  the  South- Weft ;  S  b.  W,  South  and  by  Weft,  denotes  that  Point 

which  lies  next  to  the  South ;  SSW,  South-South- Weft,  the  next  to 

this ;  S  W  b  S,  South- Weft  and  by  South,  the  next  to  this,  or  that 

which  lies  between  this  and  the  South- Weft :  And  fo  of  the  rdft« 

The  numeral  Figures  annexed  to  the  Winds  fliew  the  Strength  of  the 

:  Winds.    The  Cypher  o  denotes  the  Tranquillity  of  the  Air,  or  that  no 

Wind  blows :   i  denotes  fo  mild  a  Wind,  that  it'wduld  hardly  cxcin- 

I  guiih  a  lighted  Candle :  2  is  a  ftroiiger  Wind :  7,  8,  &r.  as  for  as  1 5 

'  or  20,  denote  more  violent  and  raging  Winds. 

As  to  the  Column  of  the  Thermometer,  it  is  to  be  obfenred,  that  the 
Degree  of  Freezing  is  ab6ut  85.  But  Hoar-froft  will  happen'abouc^o, 
or  Something  hightfr. 

In  the  Column  oi:  Rain,  ibmetimes  I  have  put  down -the  Weight  of 

•.  the  Rain  that  has  fallen  on  the  rainy  Days  mark'd  in  the  Table.     And 

at  the  find,  of  every  Month  is  fet  down  the  Quantity  of  all  the  Rain 

fallen  in  that  Men thl    In  this  whole  Year  there  felF  84^52  Pounds  rf 

Rain,  of  rhofe  Pounds  which  wc  in  England  call  Troy  Weight. 

The  Funnel  which  receives  the  Rain  is  circular,  the  Diameter  of  which 

^  is  equal  to  12  Englijh  Inches. 

i      Laftlyv  Thefr  Qbfervations  were  made  three  times  in  a  Day,  except 

I  was  abfent  or  otherwife  employed.    The  Hours  of  obferving,  both 

-  before  and  after  Noon,  are  markM  at  the  Top  of  each  Month. 

Rrawksar  •      Aboutthc  End  of  February^  and  the  greateft  part  of  Marcb^  our 

tU^Mher^x  People  were  generally  feizcd  with  aDifficulty  of  Breathing,  and  a  Cough. 

Let  the  Phyficians  judge  whether  this  might  not  proceed  from  the 

,  Eaftern  Wind,  together  with  a  cold  and  moift  Temper  of  the  Heavens, 

;  which  the  Tables  ftiew  were  then  cold  but  not  frofty. 

Apr.  I.  in  the  Morning  Parelia  were  iben  by  fome,  but  I  did  not 
happen  to  fee  them. 

The  Month  of  June  was  fo  hot  and  dry,  that  the  Springs  &il'd,  the 
Fruits  languifh'd,  aiid  the  Grafs  was  dry'd  up.    Honey-dews  were  alTo 
'  frequent  .  Likewife  the  Corn  was  blafted. 

Jug.  1 1 .  the  Wind  was  fo  fierce,  that  it  did  great  Injury  to  the  Fruits 
':0f  the  Trees*    .  ' 

'And  though  plenty  of  Rain  fucce^ded,  yet  the  Ponds  were  dry  in 
i5(p/mi>ir, ;  and  Bherc  was  a  great  Scarclcy  of  Hay. 
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December  19.  This  Morning  (I  think)  was  the  greateii:  Defcent  of 
tbe,ili^r«ry  in  the  Barometer,  in  the  following  Manner. 

8^  J  In  the  Morning •28,28  Inches. 

10 28,06 

II 27,94 

1 1 J —27,94 

I2f 28,03 

I  Afternoon 28,13 

I   10' 18 

I  20' Wind  Weft  7 20 

2WindWea9 34 

The  Changes  of  the  Heavens  and  of  the  Weather  were  not  fo  re- 
markable as  thofe  of  the  Mercury.  Only  in  the  Afternoon  the  Wind 
was  violent,  and  much  Rain  fell  in  the  Night.  But  we  heard  that. Day 
there  was  a  dreadful  Tempeft  at  CorbeiL 

This  greateft  Defcent  of  the  Mercury  was  obferved  by  others.  In 
the  Obfervatory  at  Greemmcb  the  Mercury  defcended  to  27,80  Inches  ; 
in  the. City  oi  Canterbury  to  27,90. 

In  the  Reckoning  of  the  Rain  I  had  almoft  forgot  to  mention  the 
Depth  of  the  Rain.     If  the  Earth  had  not  abforb*d  it,  it  would  have 
arofe  to  16,924  Englijh  Inches  :  Therefore  this  Year  is  to  be  accounted 
a  dry  Year  :  For  the  mean  Proportion  of  Rain  every  Year  is  about  2o| 
Inches  at  Upminjter  •,  and  425  at  Townley  in  Lancajhire ;  alfo  22  at  Paris 
in  France^  and  24  Inches  at  Lijle  a  City  of  Flanders j  as  I  obferved 
above- 
XL  The  Society  having  put  into  my  Hands  Dr.  Scbeucbzer's  Obfer-  J^5^^c^{* 
vations  of  the  Weather,  ^c.  made  at  Zurich  in  the  Year  17.08,  ^tidi  jfiutuiies  fir 
having  received  from  Dr  Mch.  Angela  Tilli  the  Quantity  of  Rain  which  1708,  at  Zu- 
he  obferved  to  fall  at  Pi/a  ;  I  have  compared  thefe  Obfervations  with  "^ '**  Swit- 
mine  made  at  the  fame  time  at  Upminjler ;  and  have  put  what  I  CP"W  *^^^^v^'j^^ 
of  them  into  the  annexed  Tables.     In  the  former  of  which,  I  have  rc-ftfai^itaiy^^ 
prefented  Dr.  Scbeucbzer*s  and  my  Barometrical  Obfervations:  In  the^^^  Zurich, 
latter,  his  Rain  Obfervations,  thofe  of  Dr.  M.  J.  Tilli^  and  mine  own ;  *"'  Upmin- 
all  reduced  to  our  Englij^  Meafure.     But  becaufe  I  am  not  as  yet  cer-  ^Z'/V^m/ 
tain  of  the  true  Proportion  between  the  Tufcan  and  Englijb  Weight,  I  w.  Derham? 
have  therefore  given  Dr.  M  A.  7illi*s  Rain,  both  in  the  Tufean  Pounds  n.  341.  p. 342. 
and  Ounces,  as  he  fent  it,  me  ;  as  alfo  reduced  to  our  Englijh  Troy  Pound  ^'>^Remarks 
and  Centcfimals  of  that  Pound,  according  to  Mr.  Greaves's  Pr9portion,  ^^^^' ^^'^'^ 
-which  is  different  from  that  afligned  by  J^ir  Jonas  Moor.  CW//  &c. 

As  fur  the  thermometer^  it  would  have  been  in  vain  to.  bftve  com-^.^       . 
pared  Dr.  Scbeuch^ers  Oblervatipns  >yith  mine,  by  Reafoo  we  have  ^,7^^^^  j  jj^r. 
Vol.  IV,     Part^ir.'  4  B  "  notmomctcr. 
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not  yet  a  Standard  for  Thermometers,  as  we  have  for  the  Baromeceis  r 
they  being  eireiy  where  in  all,  or  moAr&efpcftgdifferent ;  feme  with  fimll 
Bottles  of  Spirits  \  fame  acoordiAgly  with  longer,  ibffie  with  flfeMtpr  \ 
fome  with  wider,  fome  with  narrower  Canes  or  Shanks  %  fome  filled 
with  more  highly  reftify'd^  and  confequently  more  cxpaniive  SjMiits  ^ 
fome  Mrith  more  phlegmatic  and  duller  Spirits. 

The  Diflference  particularly  between  Dr.  Scbeucbzer^s  and  my  Ther- 
mometer is,  his  is  about  one  Foot  long ;  that  I  obfenred  with  all  along;, 
('till  it  was  broken  this  Year)  about  two  Feet  and  a  half;  and  that  I 
now  obferve  with  three  Feet  and  a  Quarter  ;  the  Bore  of  the  Stalk  is 
fmall,  and  the  Bali  is  large,  and  confequently  the  Rang  great,  anfwer- 
ing  every  the  leaft  Alteration  of  Heat  and  Cold. 

But  yet,  thus  much  I  have  been  able  to  obferve  by  comparing. 
Dr.  Scbeucbzer*s  and  my  Thermometrical  Obfervations,  viz.  That 
notwichftatiding  the  Jlpine  Snortos  have  mighty  £ffe<5ls  on  the  Weather 
in  Smtzerkmd^  and  other  conterminous  Places,  yet  there  is  much  more 
Agreement  between  the  Heats  and  Cold  at  Zurich  and  Ufndt^tr^  than 
before  comparing  them  I  imagined.  (I  fpeak  with  relation  to  the  laft 
Year  only,  having  no  other  Obfervatior>s.)  For  in  Winter,  altho*  I 
imagine  we  have  more  warm  Days  jtMn  they  ;  and  in  Summer,  that 
they  have  greater  Heats  than  we  j  yet  I  obferve  that  the  Colds  and 
Heats  in  both  Places^  begin  and  end  nearly  about  the  fame  Time :  And 
that  oftentimes  any  remarkable  Weather  (efpecially  if  of  fomewhat  long 
Continuance)  aflFefteth  one  as  well  as  the  other  Place.  Thus,  for  In- 
ftance,  Jwit^  which  was  (fome  part  of  it  at  leaft,  particularly  the  very 
Day  after  the  Solftitial-Day,  June  12.)  remarkably  cold  in  Englatdy. 
feems  to  have  been  not  very  different  at  Zurich  \  Dr.  6cbeuchzgr's  Ther- 
mometer divers  Times  that  Month  (tho'  not  on  the  very  fame  Days 
perhaps)  defcending  as  low,  or  rather  lower  than  in  the  Month  be- 
fore, yea,  as  many  Days  in  the  Winter  Months.  I  obferved  too,  thac 
all  this  Month  their  cold  Weather  conftantly  preceded  ours  here  about 
five  or  more  Days.  An  Indication  that  the  Weather  in  both  Places 
Was  influenced  by  the  fatne  Caufes,  whether  from  the  A^e  Hills  and 
Cold,  or  the  Influx  of  the  Moon  and  other  heavenly  Bodies,  or  any 
other  Caufe. 

And  as  in  June '  there  was  a  great  Agreement  in  the  unufual  Cold^ 
fo  in  Augu/l  there  was  not  much  lefs  Agreement  in  Heat ;  the  Heat» 
in  both  Places  being  great,  and  beginning  to  abate  about  the  fame 
Time,  only  a  little  fooner  here  than  there. 

lo  Winder  alfo,  although  I  imagine  we  have  a  greater  Number  o^ 
warmer  Days  than  they,  yet  I  find  that  a  warm  Winter  Month  there 
is  fo  hare  j  and  a  cold  one  there,  is  a  cold  one  here  likewife.  Thus  in 
February  and  March,  OSober  and  N&vembeTj  a  great  Agreement  feems 
to  have  been  between  the  Heats  and  Colds  cf  both  Places,  fome  Days 
excepied.    Butjamtary  was  at  the  Beginning  not  fo  conftantly  cold^ 
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br  the  Seafon  at  Upmmfier.  as  it  feema  to  have  been  at  Sjurkb.  And 
Dicembir  laft,  which  from  the  eighth  Day  to  Ckriftvku-D^ff^  was  hen 
pioderate  and  open  Weachrr»  and  after  that  more  incmfe^  ccAd  than 
even  m  the  Ltmg-froft^  Anno  1683,  by  the  fewer  Theilnometrical  Ob-: 
brvaffi>n$  which  Dr.  Sibtuibzir  nvMfo  then,  than  in  other  Months^  the 
g^r«a^eft  part  of  that  Month  feems  to  hdve  been  kiCeiirely  cold  at  Zuifkkt 
as  the  latter  part  (hereof  wa»  with  us  remarkably  iit  Ef^hnd* 

As  to  the  H^inds^  which  I  did  not  entser  into  Tabits,  becaufe  it  may  ^oftbe 
be  fufficient  to  ohicrve  in  general^  that  although  many  Days  they  affree  Winds. 
ta  both  Places^  yet  these  are  many  more  in  which  they  dif&r.  When 
they  do  agretf,  I  find  it  is  chiefly  when  the  Winds  are  ftrong,  and  of 
1««^  continuance^  and  more,  I  think,  when  Northeriy  andEafteflyt 
than  in  the  other  Points.  Alio,  I  have  obfisrv*d,  that  a  ftri^ng  Wiad 
in  one  Place  hath  been  a  weak  ooe  i<i  the  other. 

As  to  the  Bfaromefrkal  Otftrvafiom^  I  have  thought  it  worth  while  — ^/^#  Bar*> 
to  fpccify  then:^.    Mmt  own  Obiervadona  I  fckfted,  whieh  were  made  »«mcal  o^- 
9t  Noon  J  and  Dr.  Scheuciza^'s'  as  near  Noort  as  might  be.     For  which-^'^^'''*'' 
ceaibn,  I  commonly  took  his  Morning  Obfervacions,  becaofe  made^ 
for  the  mod  part,  about  ten  or  eleven  a-Clock.    Aife  I  took  thofe 
made  with  hij^  bent  Baronieter  -,  becaufc  they  fcem*d  to  me  (efpecialiy 
s^t,  the  beginning  of  the  Year)  to  be  the  moft  accurate. 

The  Altitudes  of  this  Mercury  he  meafureth  by  the  Path  Foot,  which 
I  have  reduced  to  our  EfiglifiMczkirt ;  for  which  reafon  I  have  aifo  all 
abng  noted  their  Differences. 

It  is  manifcft  from  the  Tables,  that  throughout  the  whole  Year,  the 
Mtrcurj  was  Jk>wer  at  Zurich  than  at  Upminfttr^  by  fometimes  one, 
6>metimes  above  two  Inches  EngUfh.  The  moft  remarkable  Difference  * 
was  at  the  latter  End  of  September  and  Beginning  of  Offoier,  when  the 
Difference  wai  for  a  good  while  above  two  Inches  Engli/h.  The  reafon 
of  wWch,  I  gueffi,  was  becaufe  at  Zurich^  I  imagined  the  Air  was  more 
inclined  to  wet,  at  that  Time,  than  at  Upminfier\  as  aUb|  becaufe  the 
Winds  were  then  at  Northerly  and  Eafterly  with  us,  which,  *tis  well 
known,  do  make  our  Barometers  rife,  even  in  our  wet  Weather.  But  the 
mean  Difference  between  Dr.  Scbeucbztf's  and  my  Barometers,  I  take 
to  be  about  half  an  Inch  Englijh.  From  whence  I  conclude^  that  the 
Situation  of  Zurkh  is  near  a  .Quarter  of  an  Englifir  Mile  h^er  than 
that  of  Upnmfter  above  the  Surfece  of  the  Sea  5  or  elfe  that  that  Part 
of  the  terraqueous  Globe,  lying  nearer  the  Line,  is  (according  to  the 
received  Opinion)  higher,  or  farther  diftant  from  the  Center,  thknours 
is,  lying  nearer  the  Pole. 

It  may  be  obferved  from  the  Barometrical  Tables,  that  (as  near  the 
Equinoftial  the  Barometer  is.olrferved  to  ftand- nearly  at  a  Stay,  but  the 
more  Northerly  the  Latitude,  the  greater  the  Rang  of  the  Menury^  fo) 
at  Zurich^  the  Difference  Uft  Year  was  nofr  fo  great  between  the  highcft 
and  Ipweft  Stations  of  the  ? ,  as  it  was  either  at  Paris  or  V^min^^ 
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For  at  Zurich^  the  Difference  was  only  6ne  Inch  P^j  Mcafurc  ;  at 
Farisy  Dr.  Scbeucbzer  faith,  'twas  one  Inch  two  Lines  and  an  half;  but 
at  Upminfter  it  was  eighteen  Inches,  (and  feme  Years  it  is  more)  whid» 
is  greater  than  either  of  them. 

I  obferve,  although  there  be  fome,  and  that  a  pretty  deal  of  Agree- 
ment between  the  riling  and  falling  of  our  Barometers,  one  being  very 
often  high  or  low,  when  the  other  is  fo ;  and  one  oftentimes  fifing  or 
falh'ng  when  the  other  doth  fo ;  and  one  riling  much  or  little,  or  fal- 
ling much  or  little  when  the  other  doth ;  yet  it  is  not  fo  certainly  fo, 
as  it  is  nearer  home.  I  have  before  given  a  Table  of  fome  Heights  of 
the  Mercury  obferved  at  Upmnfier^  and  at  200  Miles  diftance  in  Lam- 
cajhire  at  the  fame  time.  And  in  the  //«*.  de  V  Acad.  Rcy.  des  Scietf. 
Atmo  1699.  Monfieur  Maraldi^  by  comparing  his  Obfervations  at  the 
Paris  ObfervatGry  with  mine  at  Upminfter^  takes  notice,  "  That  there 
*<  is  a  great  Agreement  between  rfic  Variation  of  the  Heights  of  the 
**  Barometers  in  both  Places  •,  that  he  finds  almoft  always  that  when 
"one  rifeth  or  falleth,  the  other  doth  fo  too,  although  not  always 
♦'  alike  :  That  the  Days  in  each  Month  whereon  the  Mercury  hath  been 
*<  higheft  or  loweft,  it  hath  been  the  fame  at  Paris  as  at  Urtmnfterj  but 
*•  ordinarily  fomewhat  more  than  three  or  four  Lines  lower  at  Paris 
"  than  Upminfter, "  But  the  Agreement  between  the  Variations  of* 
Dr.  Scheucbzer*s  Barometers  and  mine,  although  often  great,  yet  is  not 
fo  conftaritly,  nor  fo  certainly  great  as  nearer  home,  viz.  at  Lendon^ 
LancaJhirCy  Paris^  and  other  Places,  with  which  I  have  made  the  Com- 
parifbn.  ' 
*fIUi  '^^^  ^^^"  ^^^  obferved  at  Pi/a  in  Bafy^  by  Dr.  Mcb.  Angelo  Ti^% 
'  '  '^'and  at  Zuricb  in  Switzerland^  by  Dr.  7.  J.  Scbeuchzer^  and  by  myfelf  at 
Upminfter  in  EJfex. 

The  Rains  for  the  mod  part  are  more  frequent  at  UpminSler^  that 
either  at  Zuricb  or  Pifa  5  I  mean,  we  have  more  Rainy  Days  tha/r 
they.  But  yet  the  Rains  in  both  thefe  Places  are  much  greater  m 
Quantity,  in  the  whole  Year,  and  in  fome  Months,  efpecially  the 
Autumnal  and  Winter  Months,  than  our  Rains  are  at  Upminffer. 
May^  Jufie^  and  July^  and  a  great  part  of  AuguSl^  in  1707,  fecm  to 
have  been  very  dry,  and  I  fuppofe  fearching  Months  at  Pifk^  as  in 
fome  meafure  fome  of  them  were  here :  And  in  that  Time  lefs  Rain 
fell  there  than  here.  But  the  following  Autumnal  Months  made  at 
Pifa  fufficient  Amends,  either  by  the  great  Quantity  that  fell  at  a 
Time,  I  fuppofe  in  Thunder,  or  fuch  like  hafty  large  Showers ;  or 
elfe  by  the  Quantity  and  Frequency  of  both.  What  a  prodigious 
Quantity  was  that,  for  inftance,  of  above  32  Pounds  on  AuguS  19 1 
(If  it  all  fell  on  that,  and  not  fome  on  the  preceding  Days).  But  we 
find  very  large  Quantities  at  a  time  to  have  fallen  on  divers  Days,  where 
it  is  manifeft  the  Rain  was  weighed  every  Day,  viz.  ten  Pound,  nine 
Pounds  and  other  large  Quantities  for  fevcral  Days  together,  in  the 
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cooler  Autumnal  ^Months.  But  as  the  Weather  groweth  warmer,  I 
imagine  their  Rains  at  Pifa  are  fewer  ;  and  what  falleth,  falleth  in  large 
Quantities.  For  which  reafon  the  Quantity  of  Rain  iti  the  Spring 
Months  of  Marcb^  Aprils  and  Majy  1708,  (oftentimes  dripping 
Months  in  England)  is  nearly  the  fame  both  zt  Pifa  and  UpminSter. 

As  to  the  Rain  at  Zurich^  I  obfcrve,  that  altho*  their  Rains  are  lefs 
Frequent  than  ours  in  Ejfexy  yet  they  fcem  to  be  more  frequent  than 
theirs  at  Pifa:  But  the  Quantity  zt  Zurich  is  greater  than  at  Upminfter^ 
tod  Icfs  than  at  Pifa. 

'Tis  T>T. Scbeucbzer' ^O^mxon^  "  That  more  Rain  falleth  \n.Swii- 
^*  zerland  than-in  Franct  -,  at  Zkricbkhzn  ztParis:^*  To  confirm  which, 
he  giveth  us  this  Table  of  eight  Years  Rain  at  Paris j  to  which  I  (hall 
wdd  mine  (or  Upminfiir. 
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The  Rain  at  Paris  in  eight  Tegrs. 

:<4rUpni. 

Depth  in  Depb  in 

Depth  in 

2)</';i&  in 

The 

Lints  of 

Ittfbts  of 

Englifli 

Eoglifli 

Tear. 

Paris 

Paris  , 

.Dtcbes  £jf 

Inches  &? 

Meafure. 

Meafure. 

Cmiftm. 

Ctntejim. 

IncbLin. 

1699 

224  i 

xi-  ii 

19    9? 

15     11 

1700 

240? 

20          X 

21     37 

19    03 

1 701 

256* 

21      4i 

-22  '77 

18     69 

1702 

196  i 

x6    4j 

17    45 

20    38 

1703 

208  \ 

17     4i 

18     51 

23    99 

1704 

238  i 

19  105 

21    '2a 

15.   80 

1705 

266  i 

13    10\ 

14     82 

'i6'  93 

1706 

183  t 

tS     31 

16     31 

24    29 

Tttal  Depth 

142    lOJ 

152  36 

154  22 

■    - 

It  is  manifeft  from  this  Table,  that  the  Zurich  Rain  laft  Year  (altho* 
it  amounted  not  to  the  Quantity  which  fell  at  Pifa  in  a  whole  Year» 
yet),  exceeded  both  the  Paris  and  Upnunfter  annual  Rains  of  eight  Years 
before.  But  whether  it  conftantly  doth  fo  or  not,  will  appear  from: 
future  Obfervations. 

I  take  notice  too,  that  there  is  a  greater  Difference  between  thefe  laft 
eight  Years  Rain  at  Paris  and  Upminfter^  than  I  found  in  the  eight 
Years,   in  which  I  formerly  compared  the  Rain  of  l^'awnky^  Paris^ 

Lifie 


UJU  md  Upminfier  cogfifher  \  for  by.th^^ConiipariAm  U  appeared^  ti»e 
left  RaiA  feU  at  IJpmtilfittr  than  «:  eUb«r  of  th^  other  tfavee  Places.  Bat 
Qfx^^^to  ctJ'e  Ipte^  eight  Yean  iatheXable^  a.ftnail  Matter  SMte 
falktfa.  at  Uptninpr  tlian.  ai  ParU..  Fcfr  tiie  ipean  Proportion  for  Ptm 
(which  ^cording  to  former  Years  was  above  \q  Inchn  Pms  Meafint^ 
or  4a  inches  Englijb)  i$  ac^rfiiDgto  thgfe  Uft  eight  Years,  so  Hiore 
than  17  Inches,  9  Ifines  Paris  Meafure^  or.  19  Inches  E^gUfif  :  And 
Upmt^  Rain^  which  I  formerly  x:oin|>utjBdi  at>  Year  by  Ycar^  about 
20  Inches  and  an  half  Englijh^  is  for  thefe  eight  Years  much  the  fiunc^ 
or  a  Uttk  more  than  that  ^  Paris:  .      . 

The  Proportions  therefore  whicbl  ihiU  now  lay  down  for  the  ycariy 
R^n  of  all  Places,  whofe  Rain  I  \^o.  had  Infonnatioa  of,  are  tfacfe ; 
for  Zurich  (•till  farther  Obfervations  are  made),  gaj  Inches  ;  for  Pifs. 
('till  farther  Obfervations)  43}  Inches;  (or  Paris^  19  Inches;  focLt/k^ 
4  Inches;   iot  ^GivftUy  rn  i^wrjjjWr?; -47} Inches ;  for  £^  191 

Inches ;  all  the  fame,  that  is  EngUJh  Meafurc.      .  •    ^ 

The  laft  Obferv'atibn  \  make  is,  the  great  Ufe  of  Cold  to  the  making 
of  Rain.     Thfct  Exhalations-tmd  Vapowrs  are  the  Mattel  of  Rain,  is 
not  to  be  doubted  1  how  they  are  nEiUed,  I  fhall  not  enquire  ;  it  is 
fufficient  for  my  preftnt  Pu'rpofc  to  fay,  that  when  thofq  Vapours  arc 
raifed,   they  are   conftipkted  and  conidenfed  into  Cioudi   and   Rain, 
chiefly  by  the  Cold  of.  the  Air  to  w^fiich  they  are  elevated.     And  the 
greater  the  Qwantify  rs(  yapburs  raife^  j^^  and  withafThe;  more  intenie 
the  Cold  of  4^olf  airy  ^legions,  th^  gijei^tcr  is,  the  Quantity  of  Rain. 
Now  this  is  ^aaifeft.  ftcim  the  aiinexecl  Tables^  conipated  with  Dr. 
Scbeucbzer'%  and  my  Weather,  ,£s?^.,  Ob|fenratign$.     Thus  for  infbmce 
January^    whith    Dn  5A^«ri&a;^  frequently  obferved  was   fometimes 
warm,  fometi^ne^  cqldj  and  appfeareth  farther  to  have  been  fo  by  his 
Thermometri^al  ColQmn>  and  which  was  the  fame  with  us  in  South  Bn- 
taifiy  that  Mofith>  I  fay)  had  Plenty  of  Rain  at  Zurich^  Upmimfier^  and 
Pifa  too.     The  (ame  might  be  faid  of  Ftbruary  for  Zurich^  and  pro- 
*  bably  Pifa  too.     So  alfo  for  Dtcember  -in  1 707,  at  Pifa  nd  UpminStgr  \ 
and  December  laft  at  Zurich  and  UpminSfer.     But  with  us  February  was 
for  the  moft  pait  a  cold  Month,  ^iad  the  Rain  the  lefs,  by  reafon  the 
Vapours  either  could  not  b^  raifed  icL  Plenty  xnongh»  or.  not  be  carried 
high  enough)  or  fufpended  long  enough  to  be  united,  but  foon  were 
precipH^uted  btck  ag;wi  to  the  Earth. 

From  tbefe  Caufes  affign'd,  the  Plenty  of  Exhalacioos  and  Cold  of 
t^e  airy  Regioni,  I  ^onceiv.'d  it  is^  that  at  Upmnffn\  about  the  Equi- 
np^^^  we  have  often  more  Rain  than  at  other  .Seaibfts.  But  I  cannot 
lay  this  is  certain  and  conftant.  Thus  it  was  at  the  autumnal  Equi- 
nox in  r  707,  not  only  at  UpmiMHery  but  at  Pifa  too :  So  ar  Zmriebj  Pifa 
and  UpmnkaTy  about  the  Vernal  in  1708  ^  and  ^Zurich  and  UpmimHir 
the  lafl  autumnal  Equinox :  And  this  28/^  oi  March  1709,  is  a  preg- 
nant. Proof  of  this.     For,  not  only  unufual  Cold  of  the  Winter  hath 

been 
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len  fucceeded  by  as  unufual  Quantities  of  Rain  all  diis  Month,  Init  at 
ite  very  Tiitie  the  Weather  is  bpcn  5  but  withal  cool.  Particularly 
forth  26,  many  Vabours  arofe,  lb  as  to  fill  the  Air  with  a  warm 
inking  Fog-  The  Night  following  a  fmart  Shower  of  Hail  fell,  a 
lanifeft  Indication  of  the  Cold  of  the  Middle,  or  Top  of  the  lower 
egion  of  the  Air.  And  the  Day  after,  viz.  March  27,  proved  fo 
et  a  Day,  that  almoft  five  Pound  of  Rain  fell  through  my  Tun- 
:1,  a  ii-ge  Quantity  for  the  Compafs  of  twelve  Inches  Diameter 
L  fourteen  or  fifteen  Hours  Time.    The  Winds  and  Clouds  were 

I  the  while  calm  and  ft  ill,  and  frequently  changing  from  Point 
\  Point,    near  round  the  whole  Compafs ;   and  the  Rain  that  fell, 

II  thick  in  fmall  Drops.  Which  makes  me  think,  that  tl^e  warm 
)ggy  Vapours,  raifed  in  great  Plenty  the  Day.  dr  two  beforq*  as  foon  as 
ley  were  mounted  aloft,  met  with  fuddeh  extreme  Cold  oF  the  tokidle 
.egion,  and  were  thereby  haftily  condenfed,  and  the  Air  being  at  the 
ime  Time  very  light  (the  Barometer  being  then  very  low)  they  iypeedily 
imbled  down  in  fmall  and  thick  Drops  of  Rain* 

And  this  I  take  to  be  the  very  Cafe  of  the  Vernal  and  Autumnal 
lains,  that  in  Spring,  when  the  Earth  and  Waters  are  loofcd  from 
le  Brumal  Conftipations,  the  Vapours  arife  in  great  Plenty.  So  alfo 
1  Autumn,,  when  the  Heats  that  diflipated  them  in  Summer,  and  alfo 
rarmed  the  ftiperior  Regions,  arc  abated,  the  Vapours  raifed  then  in? 
^cat  Plenty  are  foon  condenfed  by  the  Cold  of  the  fuperior  Regions, 
rid  io  are  forced  down  in  more  plentiful  Rains,  than  at  other.  Seafons, 
rhen. either  the  Vapours  are. fewer,  or  Cold  of  the  fuperior  Regions- 
tfs. 

For  a  farther 'Illtiftcation  of  this,  let  us  caft  an  Eye.  upon  7««  laft,. 

Month  as  unfeafonably  Wet,  as  'twas  unufuaUy  Cold,  .  The  Cold 
lereof  I  hate  already  taken  notice  ofj^  and  t^e  wet  Wcatjier  accom-* 
anying  it  was  fo  unfeafonable  to  us  in  Sautb  ^ritain^  that  althtf  wc. 
ad  great  and  welcome  Crops  of  Hay  after  a  great  Scarciify  the  pre- 
*ding  Year,  yet  we  had  fcarcely  any  good  "Weather  to  make  it  in,  ■ 
o  Dr.  Scbeucbzer  faith  it  Was  with  them  in  Swiizertaudy  in  iiis  Remarks.  > 
n  that  Month :  This  Month^  as  appears  from  meafurinf  tbe  JUifh  vw 
iore  than  ordinary  wtt^  to  the  Imury  hoth  of  Men  an4  Vegeiahh.    Mudiif 
Ity  vkis  rotted,  the  Corn  alfo  that  was  not  yet  cut  grew  too  luxuriant, 
te  Vines  and  their  Blojfoms  received  much  Damage  from  the  ^onthatal 
\ains\  their  tender  Buds  fell  off^  their  Leaves  were  canker' d^  and  then: 
^eafd  but  fmall  Hopes  from  the  approaching  Jutumn^  &c. 

Having  confiderM  the  Ufe  of  Cold  to  the  Production  of  Rain,  I 
!ttll  remark  one  Thing  concerning  the  //i]pji,iipct.thit^is,  I  carioot  but 

lllnk  that  thofe,  and  all  fuch  like  hi^h  Mountains^  aiid  the  §naws  they 

PC  covered  with,  are  of  great  Ufe  to  the  neighbouring,  and  more  di- 

[ant  Countries,  in  generating  their  Rain,  and  performing  other  great ^ 

Offices 
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Offices  of  Nature.  From  fomc  Obfervations  I  have  made  in  compar- 
ing Dr.'  Scbeuchzer*s  and  my  own  larger  Tables,  having  fo  frequently 
obferved  the  Rifing  and  Fallings  of  the  Barometer,  fome  of  the  moft 
confiderable  Variations  of  the  Wind,  the  moft  remarkable  Alterations 
of  Heat  and  Cold,  and  of  Wet  and  Dry  9  I  have  fo  often  obferved 
many  of  thefc  to  precede  in  one  Place  what  hath  followed  in  another, 
that  I  am  apt  to  think  that  even  England  may  fometimcs  partake  of  the 
Effefts  of  the  /ilpine  Mountains  upon  the  Air  and  Vapours,  It  is  cer- 
tain that  their  very  cold  Weather  in  December  laft,  and  the  Relaxation 
thereof  preceded  ours :  Which  makes  me  inclined  to  think  it  might 
probably  be  derived  from  them  to  us.  All  the  former  part  of  that 
Month,  cfpecially  from  about  the  8/A  Day  till  the  24/i,  was  here  mild 
and  open.  But  on  Cbrifimas  Day  it  began  to  be  colder,  and  the  follow- 
ing Days  to  freeze  harder  and  harder  j  infomuch  that  on  December  30, 
my  Thermometer  was  a  great  deal  lower  than  ever  I  had  ken  it  be- 
fore. And  two  Perfons  in  London  told  me,  that  the  Spirits  in  their. 
Thermometers  fell  feveral  Degrees  lower  this  laft  Winter,  than  they 
had  done  in  the  felf-fame  Thermometers  during  all  the  long  and  re- 
markable Froft  in  the  Year  1 68  3*  Whether  at  Zurich  the  Cold  was 
more  exceffive  than  it  ufed  to  be  in  other  Years,  Dr.  Scieuchzer  doth 
not  fay ;  but  he  noteth  the  Air  to  have  been  exceflively  cold,  and 
his  Thermometrical  Obfervations  fhew  it  to  have  been  fo  fome  time 
before,  in,  and  after  Cbrifffnas.  And  Dr.  Newton^  in  a  Letter  to  me 
from  Florence^  fays,  "  The  Cold  was  there  fo  great,  that  for  xwenty 
"Years  paft  they  had  not  been'fenfible  of  greater >  it  wanuhg  on 
*•  Twelfth-day  but  half  a  Degree  of  the  Extremity  ".  Their  Twelfth- 
day^^  I  reckon,  fell  on  December  26,  O.  S.  and  coofequently  their  fo 
cminenly  Freezing  Day  preceded  ours  abput  four  Days. 

And  as  their  Cold,  fo  by  Dr.  Scbeuchzer\  Obfervations,  I  find  the 
Relaxation  thereof  preceded  ours  a  fhort  Time.  For  about  the  latter 
End  of  December^  the  Weather  appears  to  have  been  milder,  at  Icaft 
lefs  intenfely  cold  with  them.  And  fo  was  ours  at  the  Beginning  of 
January^  about  as  many  Days  after  theirs,  as  their  Cold  preraicd 
ours. 

Thus  I  have  given  one  eminent  Inftance  of  what  I  found  leflfer  Exaip- 
pics  frequently,  as  I  run  over  Dr.  Scheucbzer^s  laft  Year's  Obfervaii- 
qns.  But  whether  there  may  be  any  farther  Realbns  for  any  fuch  Cozh 
clufions  about  the  Influences  of  the  J^ine  Eminences  and  Colds  upon 
far  diftant  Places,  future  Obfervations  will  determine.  But  as  to  thdr 
Influences  nearer  home.  Dr.  Scheucbzer  faith,  ^be  Alps  ure  tiot  only  the 
fruitful  Mother  of  Rivers  and  Clouds,  but  alfo  of  Snow  and  Rain  It  is 
very  eredibky  that  fuch  Places  as  are  near  the  Sea  and  the  Alps,  aioipid 
jmore  with  l^ain  than  Flacjes  which  are  more  remote. 

To 
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To  thefe  RcMiutks  I  might  add  l[yt.Scbeiu;bm^%  Obfervad^hs  of  the 
Qceurrenccs  in  each  Month,  of  what  w«s  curious  a$  to  B^Pf^Orib  the 
State  of  Health. and  Difeafies,  ^€.    Alfo  the  Incrisafe  and  DeciWe  of  > 

their  Zurich  River,  the  Limai^  which  (like  other  Rivers  that  Ijave  their      - 
Source  in  thie::^3^heputs  beyond  all  Doubt  (hrmy  Opinion)! to  rcceiye 
greater  Incrcn()eot(  frotn  the  melting  of  the  AlpinB-Sfiiovrs^  than  from  all 
the  Wet  proceeding  from  their  Rains.    But  for  them,  I  refer  to  his  Ob* 
fervacions  at  large. 
From  Dr.  7f//r*s  Tabic  of  Rain,  eompar'd -with- the  other  Tables,  it 
;  appears;  thoit  although,   in  theYeair  before,  June  znA  other  SuipnKr 
Months  were  dry,  yet  laft  y^ni  was  a  wet  Month  at  Pifa^  a$  well  as  Zu- 
\  ticbrnd  Upnin^,\  and  foJikewife  was  it  about  the  Autiimnal  Jplqui- 
!  Jox:  And  for  the  fanie  Reafons  I  iioiagine,  which  I  have  ali'cady  icnen- 
I  tioned.:       i       •'.'•:'     1.  '     .  '.     '  >•'       :-   ; 

•  -  A?  to  die!  Excei^  of  the^Pil/Jr  Rain  ^bove  that  ef  other  Pjaewy-^e  at-      * 
Cribnceth  it  io^the  fanip  Cade,  that  I  did  that  .of  L^^^ir^,  namely,'  the 
"  H6ghy  }ffth^  Hills  J  anl  the  Btamng  of  the  JVinisfor  u  long  7lm  froth Jme. 
am  ^irUir.   Hf$  Obfervation  is  this,  /  eafify  ^ow,  that  our  Raitf  ^j^hvuys 
4rf9r  tbe.fH^  fart  exceeds  your s\  for  the  Reafm  you  have  obfsrved.  '  And 
ifpeeidly  iftbt  rough  Cdrilcan  Mountains^  at  the  Time  of  Aufumn^  ^e  co- 
-  -tmrf  mrfy  vrithSnow^    Then<  ibeSoutberiy  fFinds^andShowers^ prevail  for 
'  a  IdHg  Time:    Bi/^t  it  plainly  appears  that  tb^  North  Winds  ila^^  more  fre^ 
ifuntly  akouit  the  Hills  of  Florence  tbM  the  City  of  Pifa.     Porjbis  City  is 
/urr&unded  ifnth  Hills  ^n  the  Hmh^^y  and. is  difiant  about  fijst^les  from . 
ibeSeaataifSquallntfrvaL  :;.       j  '     ;\  !    ' 

The  fame  Account  of  the  Situation  K^^Pifn^  and  the  g«a(l  ^U^^y 
of  Rain  felling  there,  I  fcmember  I  had  foiifje  T4me  fmce  fa)fla-|u¥ery 
.ingenious  Member  of  this  Society,  Mr-  Ap^^  who  hath  Mn  ther^  j 
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ATabkJbewing  the  Heights  of  the  Mercury  in  the  Barometer  in  Engliih 
Inches  and  Centefimals  of  an  Incb^  both  at  Zurich  in  Swiczerlaad,  a^ 
at  Upminfter  in  South  Britain,  togetker  with  ibe  Diforences  of  Um^ 
Heights  J  for  the  Tear  1708. 
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A  Table  of  ibe  Rain  at  Pifa  in  Italy,  both  in  Tufcan  and  Englifti  Troy 
tVeigbiy  which  fM  through  a  Tunnel  of  half  a  Brace  fquare,  frm  May 
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'    Centefimab  of  an  Inch. 
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L     iic. 

££m/. 

/. 

M. 

/.     iet. 

/.     die. 

I 

I 

2 

I      07 

5 

I 

+     67 

'  1 

0     t% 

3 

10 

0 

91     8 

0     74 

4 

0    06 

5 

- 

0     08 

6 

0    64 

7 

2 

12 

2 

II  17 

8 

7      1 

0    40 

9 

4      .^ 

4 

4 

3    98 

to 

0    05 

II 

0    01 

4       i 

•4 

5 

13    13 

12 

I   41 

0     06 

13 

0    37 

H 

5      I 

I     t4 

0    16 

15 

*      1 

2 

s 

2  45 

I     10 

2 

3 

2      06 

i6 

■ 

»7 

i8 

7      i 

0     29 

2 

6 

2      29 

0    31 

»9 

I 

9 

I      61 

20 

21 

10 

4 

9  48 

13     i 

22 

*3 

0     27 

0    02 

24 

9 

4 

8    51 

«5 

26 

■ 

6       1 

3 

7 

3    29 

27 

3      1 

28 

0    06 

29 

0    99 

30 

0    08 

31 

■"* 

2       1 

0    05 

T«t 

34 
3    02 

41  92 

7     28 

27     } 

31  03 

I     H 

Dcp 

7    21 

I     46 

2     44 

.§-ii 

0     22 

9S 


Obfervatiom  m  the  fFeather^  Rah,  Wkds, 


November.              | 

• 

December.               1 

D. 

Xonr  at 
2kirich. 

Rain  at 
Pifii. 

KikRa.Rasu  at 
ruhued.  ^Upmin. 

Zurich. 

1 

Lines. 

/.        MB. 

I      Jecll.      dec. 

£iW. 

/.      dee\ 

I 

2 

3      3 

2      98 

0     to 

3 

0    6i] 

4 

0    92 

0     08 

5 

17  i 

0     27 

6 

7 

• 

8 
9 

2      0 

I   84 

0     30 
0    66 

lO 

II 

2    22 

12 

> 

4 

3      6 

3     21 

2'    26 

13 

8 

14 

15 

— — 

16 

17 
18 

0     54 

19 

t      84 

20 

21 

' 

I      22 

22 

23 

6'          i 

4     00 

24 

0        22 

25 

26 

27 
28 

29 

3» 

0    90 

J 

1 

3      J 

' 

Tot 

-2 

7 

8    03 

4     30 

29    i 

9     84 

0    62I 

0     13 

0     86 

'2  62 

.LJ7 

Ohfervatiom  on  the  J^eather^  Rainy  Winds,  &c. 

fPnr/pOf  fif  aS  the  Rain  in  tie  fifrtgmg  Tailest  in  every  Mmtby  Half 
Ttar,  Md  the  vbek  Tear^  from  June  i .  N.  S.  or  May  2 1.  0.  5.  1 707. 
to  the  End  of  the  Tear  1 708. 
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May, 

June. 

July. 

Auguft- 

September. 

baober. 

JNoveraixr. 

tftht 
Rain. 

Otpi}, 
of  tbt 
Upm. 
lUim. 

Depth 
«f  the 
Zurich 
Ram. 

Ensi. 
hchis. 

End. 
Inches. 

Engl. 
InSttt. 

0      12 

0     88 
0     36 

5  76 

6  45 

3  43 

4  22 

I   05 

I    34 

1  27 

2  18 
2   90 
I    33 

I     i8 

^be  Half  reiv's  Rain. 

21    22 

U   25 
2     43 

2     88 
0    46 
2     03 
0     96 
2     02 

December. 

Anno  1708. 

January. 
February. 
March. 
April- 
May. 

6    39 

6    4, 
3    28 

2  65 

I     25 

3  33 

I      64 

I    5» 
4    69 

I    91 

The  Half  Teat^s  Rain. 

23  31 

10  78 

Depth  of  the  whole  rearms  Rain. 

44  53 

22  03 

5    91 
17  31 

June. 

4    90 

2     32 

The  Half  Tern's  Rain. 

10  67 

Auguft. 

September. 

Oftober. 

November.                      ' 

December. 

2     27 
7     21 

5     33 
0     13 

1  II 

2  94 
I     46 
0     23 

0  86 

1  sj 

3    50 
3     15 
3     02 
2    44 
0    62 
2     62 

15  35 

the  Half  rear's  Rm. 

19  84 

8     57 

ne  whole  Tear's  Rain. 

19  24 

32  66 

loo 


Tie  Rain  at  Upminfter  fori%  Tears. 


An  J€€mmt  •/  XI.  The  laft  Year  (1714)  hav- 
the  Rain  at    j^g  \^^^  fo  remarkably  dry^  that 

•  a'rriSrV  ^^"^  Ponds  hereabouts  are  for  the 
Mr.  w.  bet-  moft  part  dry,  and  the  Springs 
ham.  n.  341.  generally  either  very  low  or  quite 
P-  "3o-  failing,  I  made  an  Extrad:  (out  of 

my  Regiftcrs  of  the  Weather,  fcfr.) 
of  the  ^antity  of  Rain  which  fell 
at  Upminfier  the  laft  18  Years. 
The  Particulars  of  which,  every 
Year,  may  be  feen  in  the  Table. 
In  one  Column  of  which,  the 
Weight  of  the  Rain  in  Pounds 
9r^,  and  Centefimals  of  Pounds, 
may  be  fecn;  in  the  other,  the 
Depth  of  it  in  Inches  and  Cente- 
fimals of  Inches,  or  what  Height 
it  would  have  been,  had  it  not 
been  imbibed  by  the  Earth,  or 
leflbn'd  by  Exhalations,  but  been 
fufFer'd  to  have  Hagnated  on  the 
Ground. 
Remarks  m  Among  the  Dry  Tears^  1 704 
^J^jJ^'y  ^^^  was  compiain'd  of  for  one ;  which 
I  remember  the  News-Papers  re- 
ported to  have  been  fo  confider- 
able  at  Venice^  that  they  were 
forcM  to  fetch  their  Water  in 
Barks  five  Leagues  ofF,  as  far  as 


1 704. 


A  Tab  L  B  of  Rain  which  fdl  at 

Upmrfieft  from  the  Year  1697, 

to  the  Year  17 14. 

Year. 

Weight. 

Depdi. 

/.  Cent. 

Inch.  Cdtt. 

1697 

77    60 

15     5» 

1698 

122      32 

«4    46 

1699 

75    54 

15     11 

1700 

95     «3 

19     03 

1701 

93    +5 

18     69 

1702 

lot     89 

20    38 

1703 

119    94 

25    99 

1704 

79    02 

15     81 

'705 

84    62 

16    93. 

1706 

121      43 

24    29 

1707 

8'     55 

16     31 

1708 

90    09 

19       22 

1709 

132    82 

26       56 

1710 

91     84 

»8     37 

1711 

118    02 

23     60 

1712 

118    78 

23     76 

i7'3 

115    80 

23     i6 

1714 

55    95 

II     19 

the  Brenta\  fo  that  publick  Prayers  were  put  up  for  Rain.  Tctve 
may  obferve,  that  feveral  other  Years  were  drier  that  that  with  us  at 
Upminfier.  But  among  them  all,  none  comparable  to  the  laft  Yeu 
1 714.  In  which  the  whole  Quantity  of  Rain  was  no  more  daa 
55  ^«  95  Hundredths,  or  1 1  Indies  19  Hundredths ;  whereas  the  krfk 
Quantity  of  any  of  the  preceding  18  Years,  exceeded  15  Inches  in 
Depth. 

What  Efibds  this  Drought  hath  had  in  the  Bodies  of  Animals,  I 
leave  others  to  judge.  It  is  well  known  how  contagious  and  fatal  a 
Diftemper  hath  raged  among,  not  only  our  own  black  Cattle,  but  ia 
many  other  Parts  of  Europe.  And  I  obferved  the  licb  was  Epidcmkal 
among  the  poorer  Sort,  at  the  Beginning  of  the  Year ;  that  the  Met^ 
were  very  common  fome  Parts  of  the  Year  ^  and  that  Pleurifia  and 
Malignant  Fevers  infefted  a  great  many,  efpecially  in  the  Summer  Mondi& 
But  how  far  thefe  Diftempers  might  be  owing  to  the  dry  Seafon,  I  km 
io  the  Phyficians* 


To 


JiatnjBtVsaM. 


LOl 


To  compaie  frith>  thefi^  wt  hsn 
edkOed  out  of  the  Mmnrs  of  the 
R^al  Acadnt^  c(  SHeMces^  tht  Quan- 
tkf   of  Rmn  and    diflbhrcd   Sw9w 
yfffhkhhaB  fidkn  « the  OlfinmScry  at 
Pdim  for  23  Years  together)  accord- 
ing to  the  accurate  Obfervatioa  of 
M.  Di  U  Mires  and  have  rednci^ihe 
'firinek  Mmiun  to  cm ^omk  :.But  it 
is  to  be  obfenredt  that  the  DiTcrficy 
of  Stile  mabts'tiie  Yean  jioo.eiad- 
Ijthefiune^  thought  astothssMat- 
tar^  the  Diftrence  may-ieem  vtiy 
inconikkfable. 


Prmk' 

i>«^. 

loch  Lia-IndiGenc 

IhtKmim  «t 

r  " 

hnsySr  s| 

168:9 

18    Hi 

20    23 

T/jri. 

X690 

*3      3i 

H    87 

1691 

U     5* 

>5    40 

i<9« 

a*       7$ 

24    14 

1693 

22         8 

24     18 

■ 

1694 

19        9 

21     07 

1695 

»9       7| 

20     96 

j%6 

i9      5* 

20     76 

"^97 

20      3 

21     68 

1698 

21         9 

as    20 

.»699 

18.      8| 

*9    93 

«7oO' 

•20      c4 

21  ii 

22  78 

I'Tiot; 

21         4j 

1701 

16       4 

17    4« 

170a  : 

•<7      4* 
19     1(4 

iZ    51 

i7<H 

21    2d 

»705 

.13     lOj 

14    83 

1706 

15    3I 

16    32 

1707, 

17  II 

19    II 

1708 

18      31 

'9    5« 

1709 

zi      s>^ 

23    21 

1710- 

IS    air 

:I7      10 

1711 

25        2 

26     84 

of  Juh 

1706,  aboi 

It  Eight  tXASHm^f 

the  Clock  in  the  Morning,  it  b^an  to  rain  in  and  about  DerAighj  which  |[f«^,^^^* 

continued  inccflantly  for  3oHoun,  but  not  very  violently,  till  ^ut^^^ 

Three  or  Four  a-Clock  in  the  Morning  upon  l^ednefdfff^  when  it  rain'd^,j^^^  * 

fomewhatfafter^, attended  with  a  terrible  Noife  (like  Tliunder)  with 

fome  Flaihes  of  Lightning,  and  a  boifterous  Wind.    About  Break  of 

Day  the  Rain  and  Wind  began  to  abate  of  their  Violence,  which  lef- 

fcn'd  gradually  every  Hour,  till  about'  One  ot  Two  a-rClock  m  the 

Afternoon,  and  then  it  perfedly  ceafed^  and  the  Air  became  clear  and 

fomewhat  calm.  ^ .  . 

.   Upon  tuefdaj  the  Wind  blew  South  Weft  ^  but  on  Wednefior/  it  was 

come  to  the  North  Weft. 

The  EfFe^  of  this  great  Storm  were  difmal,  for  it  occafionM  the 
overflowing  of  all  the  Rivers  in  BenbigbJ^e^  Eintjbirey  and  Maricneth^ 
ftAre^  &c.  which  fpoil'd  a  great  de^  of  Com,  and  took  off  all  the 
Hay  that  was  mowed,    near  the  Banks   of  the   Rivers,   which  was 

Vol.  IV.    Fart  11.  4  E  carried 
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E*  (ffib^  WdStttim  jlri  Tucl]|  vaft  Quantities  down  to  the  Bridges, 
ir'^heat'^-^'Arihtfg  and!  Inlets,  infbmuch  that  it  broke  down 
jL«Miai4reiltfiri4ecfi/i !  6fle«riCkks,!itod*  oCiiar  iMflf f ;X^ 
t^ec^an|14wept-iM|ayr-wk|)  faimM  Qimii^tiip^c$jo9^^klm 
QuiUcts'jDy  khh  Side  of!  ti^Mirtt'Eiu^  {di  QomoMt*.  mt^^^Sfrnft  m^ 
qrayel,  fhat  fK  Owaets  (CfUl*t  WeU.siU  itiiaricSbout$Ldvif(;iJ^^B^  ^ 
liandfliarks  (ti)pd ;  ucE  thtP^tnie  Kivc^\taa^^fix^%  ks  /QMurf^iJ»i>  6«M 
FlacflB,  ijxai  jbo  robihbdUMWdaiuvJOiieri'fiidce^^^fttf^ 
bcftoi/edas  mikch  oo*t4e'^t|p|]o^te:5i4ku;L^jrdii>ri^^  JR]v«lei%  dint 
c^n?f9y'd  S^  atcr  to  (fon^e^MsJ  han  hamiA  duidk'ik  Hp'<Mi^  StoMi 
zid  Gravd,  t|^t  the  O^pcnfticlon't  dufflt  ii»ritefitiwtti'f3dimie(«ii 
tlie'^j^atQaBgeofjdeirii\g)th4ni.     li.vjrj    ;:.  ^.    r  ^i  .  »   , 

litis  affirne^  by  nta  ly^ 'Chat;  the>gnaodBlQodb!^«cteniiAer6>  nucb 
tHeSffedt  of  nhe  Raan  u  thq  bra£ttig«iioiit  Df,a{ii.mfini«&  .N<iiQb«f 
of  Springs  iii  fuchFlace^te  ^hey  mtmjDtvtr'kn9W»:tfk(9xm  from 
befone.  )Isi  t^o  Town  c^  ^eibigh  a  great  many  brokfiJcmc^iiii.jtte 
I^OQ^s  asid  ^^les,:ef(ecialiy  in  that  Part  which  lies  next  the  Gidle 
on  tbeN<^rf|i  Side  of  itv  :foafe  of  which  broke  out  with  a  great 
deal  of  VioleiV^,  an[d  i  i  fvch  aj  Quantity,  that  it  is  affirmed  by  fe« 
vdral  Met!  of  tba  T<fwn  <iu^ithlree  of  thefe  new  Springs,  which  flow* 
ed  out  of  thb]Sabl«fttof  idtsfit  Inns,  were  fufficient  to  turn  any  Com 
Milt.       ^**   •  .'  .        f  ^   \  ^^^T  -   ; 

Ao  a  IVnsill  (Difta;iiccL  ^otHward  of  DenUgb^  lies  Park'Snodiogy  a 
Rodcy  HUl^  but  df  iwpibhr  biioke  out  a  great  many  Springs,  which 
flqwied  fa  plentifully  ifenn9m;'or  ten  Days,  that  the  Cattle  waterM  in 
tt^m'  for  •  thac  Tioae  J  ^whereas  before  and  after,  the  People  were 
fdt-tfd  tc^%aterthenft3il|  Suifitntr  long  at  a  Well  in  the  Highway,  at 
fome  Diftance  from  this  Tark-SHodiog.  There  arc  feveral  deep  Holes 
ap4  ;^jrcqcbes  cut  in  ^t^e  ^li^ghwayiH^djpining  to  the  Kiver  ^^huy^  (^c. 
§|fW.|b  yery  J?rgc»  iSftohi^^'  three  or  fodr'Horfes,-,  Which  is  not  atov 
li^tc4  fo'  rfiuch  to  tb^  pyerflpWiflg.  of. ;tJ^  felyer,  as  'tS;  tfic  breaking 

.»  I9  Ci?iJR^  jSfcuntain  [f!l^i^  is  a  Pit  of  .i  circular-  Foiin^  wiich  i^ 
tl^e  jSutfmw  ttme  ufed  fo  have  Ettle  or.  n6  Water  in  A  aiid.  in  "Win- 
^r,  ;as  nuicli  Watei:  as  wbijtd  fwell  the  Surface  to 'w)Ut  fourteen  tft 
fixteea  Yards  cro&  oirer;  But  now  Tn.ihe  midft  of^mmCT  it  rofe 
iipat  leaft  a  Yar^  and  A^balf  higher  than  It  was  evjef  ktmwn  to  do 
in  the  wetteft  Winters  j  and  overflowing  its  Banks,  it  fi-11  down  tiic 
HiU  with  fuek  Violepce,  jOs  to  penetrate  into  the  rtty  Body  cf  a 
Rocky  Road,  and  dug  Pits  iii  it,  that  will  bury  die  biggeft  Horits  i 
and  the  Itoad^  which  woa  a  common  Hi^fSLj^  is  now  become  irre- 
parable* 
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V  XIV-  t4  I«**c  Mohrh«B  il^r^fr  lyoiv  in  tihc  Forciwhvbdbwwl^  Water- 
tllevMou^s^c*.  wsanl  mioHfcwKti  reimdMbte /TiWi^^ 
l>Mmfw*  Jifttb<ff&KI>y:BQflP/aifarSIiif)9  about; tvna Leagoes  di;ftuice  bf^ji^p^G^rl 
EftiimtiM  V'th^^'^fiHtofl^tacc^Nfi.  a  Topsail-  Oalet,  audi  wry::  colfLcbn,  n.  270. 
Tlie'Horieba#H»<n!My  iq>en'*and  ftrme,  emtAt  the  Noithdrn  Pares  p-  805. 
tlm^f  frwi  N.itf:^W  ttf^Ki&b^.  E.  or  theroaboucB:    The  iiig^  Pam 
of  the'Glci»d^ifi|if«r*4ttl»'*inake  aaAngk  of  45  Deg.  of  i^levaciaa. 
About  oMlalS^oithreiflQd^  (viz.  the  i^per^  wa^  very^whktf,  and 
the  other  eztreamly  bOtfckv    The  %oin:  kfelf,  (whidi  hmg  from  ithe 
iDweri^ariif  tHt  tKhttUfaueScRid)  hovered 'up<  and  down  for  atoot  *2o 
MiaMes^^iid  ]d«riog  tiKio  or  three  Minutes  of'  title  Time,  ..that  Bart:  of 
ite(Jfta  efafilyittiidev  the  Spwe,  did  fparkle  ap  Wacer  to' ^coiMfidek^ 
aUo  Hti^.  i-  Thd  ffMirlcling  4*011  along  tx^'  Ait  Leeiirard,  •  (the  Cone  of 
chb  $fp6ut:dmiuf;  char  Waj^^  and  maUng,  itf  feems,  a  DiTchffgey  tW 
AteWifibtr«t> «» ill  tcft  Fali^^  and'  continued  ^rutkiittgzlM^fof-SK'  Shipi 
y^^tk.  ^'iMoxt^md^tht^BodY  oi  the  Spouc  did  quickly  ^Mt^aftit^ 
filC  aiid  thdn^di&{>peaF^d.   -  Aboue  two  Havm  after1«iar(fc  the  Beavcns 
if«ere4n«ira^!x)V^uiiy  aaddufing  that  Afternooti'  there  fell  abilAdaAdt 
of  Hail,  and  both  Wiml'dnd  Cold  iticreaitd^     I.hav^e  fedn^  'feverat 
Wacer^^ffioiiti  tathe  Modtfemmesn  fome  Yearrsiago,  and'^efetiAuLlly 
during  th^'fitnt  of  aftarkCalm  and  hdt  Summer  W^aftbefi  4)ut  td 
fee  one  in  o«)r  Northern  Climate  at  this  Thiie  of  the  Year,-  and  du^ 
ring  Weather   both    Cold    and  Wiiidjr,    is^    I  think, '  a  fiftte-  Wiy 
ttfuaL      •  '  /  '      '      —  •,    '      !         :  ..:  r-  .     : 

1.]  The,37th  of  Jugk^  170T.  being  upm  the  CosAif-Airtaiy^  Swau  in  the 
to  the  Northward  of  dw-  Tbwn  of  Bkru^^  uj)ward«^  of  ko.  Leagues  ~**^^f^ 
diftanceac  Sea^  'about  7  a-Clock  at  Night, Toon  after  Sori-fttdrtg,  then*  J^si  n. 
appeared  tw  thte'N  Ei  (wbieh/was  direftly  up  the  Gdf  Hf  ijjm  from  ,77. p.  1077. 
us)  great  ahd  continued  Fla(hes  of  Lightning  one  alter  another,  with 
fcarce  aniylritermifltoo,  and  this,  without  Thunder  continued- till  die 
next  Morning;  the  Ftefkds- of  Li^tning'fometimes  reprefenting  the 
fudden  Appeara«edf  aStar,  and  at  other  tknes  of  a  Fhming  Sword, 
and  agatrt  if  a^ilirerCbrtiftfetched  alohg  die  Clouds,  or  as  the  irre- 
gular Cratk  of  a  Walt  from  Top  tp  Bottom. 

A^ut  •right-  next 'Mornitlg  we  had  ThUndrin^,  ii^Fith  a  Gontinufttion 
of  Lightning  of  ch^  Kind  and  Appearance  abo?e-mentibned,  aft  ffoitt 
ChcfNE.  orthi^Kabouns.    '  •        j   »:  .  . .  • 

About  nine  the  fame  Ivfomih^  fell  'dowr/from  the'  Cfouds  (which 
look'd  difmally  black,  lowring,  and,  as  it  were,  heavy,  with  Rain) 
in  the  faid  N  E.  quarter,  three  Water-fpouts^J  tfiat  in  the  middle  be- 
ing the  greatseft,  fcein^^d  as  big  as  the  Mafr'i)f  a^  Shijp,  and  I  judg'd 
it  to  be  at'  leaft'  a  League  and  ^'  haW  diftaAt  »from^  us  5  fo  ^  that  nt  itfelP, 
no'dloubt,  i^  was- bigger dtei  ihme^  M^^  ""The  ^odieci'  two-t^ere  not 
...  i  4E  2  by 
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hf  half  fofatf.  All  of  them  black,  ai  thciCkidd  fraof  Urbmde  clie7 
fell  y  9X\<£  theoi  fmooth,  witboac  any  Kndt  or  Imgularicy  i  oaly  at 
firft  £dlii^  fome  fell  pcrpeodicularljr  down#  aodibmeoUiqi^ys  and 
all  of  them  finaller  at  the  lower  endthad  ^«,  giving  the  fteprden- 
tation  of  a  Swordi  fooiecimei  alfo  one  of  'cm  maoiA.  bow  idelf» 
attl  ag^n  become  ftratght^  and  alfo  fometuikes  became  finaUer,^  and 
a^n  increa£bd  its  Bulk  i  fometimes  it  noiild  ^ibspgf^^  md  imme- 
diately fall  down  s^^n  \  ibmetimea  it  became  exiemated  to  the  ^maU^* 
oeis  of  a  Ropc»  and  again  became  grois  as  befose* 

There  was  always  a  great  bdiiing  and  flyiiig.up  of  the  WoDer  of  the 
$ea«  as  in  a  Jcite  ium^  or  Water-- woric ;  or  this  rifiog  oi  the  Water 
bad  the  Afpearance  of  a  fmoaking  Chimney  in  a  calm  Day.  Some 
Yards  above  the  Surface  of  the  Sea  the  Water  ftood  at  a  Coitmia  or 
Pillar*  and  then  fpread  kfelf^  and  waa  diSipatfid  as  Somdt::  And  dm 
Sword-Uke  Spout  from  the  Clouds  either  came  down  to  the  wy  middka 
of  this  Pillar,  and  as  it  had  been  joined  with  it,  as  dcgreaaeftY  whidi 
fell  perpendicularly  down^  ftiU  did  from  b^inning  Cd  end :  Or  elfe  it 
pointed  to  this  Column  of  Water,  at  fome  Diftancc^  esdier  in  a  pcr^ 
pendicttlar  or  oblique  Une»  as  the  other  two  lefler. 

There  were  xhree  or  four  Spouts  morci  which  appeared  it  ihei  htat 
time  in  the  fiune. Quarter  of  the  Heavens^  but  neither  for  Sulk  or  Du*^ 
ration  like  thde  three :  Thofe  appeared  or  difiippeav-d  fevenU  times^ 
during  the  .Continuance  of  thefe  three. 

It  was  hardly  diftioguiihable  whether  the  Simrd-like  Spout  fell  firft 
down  from  the  Cloud,  or  the  Pillar  of  Water  rofe  firft  from  the  Sea» 
both  appearii^  oppofiie  to  one  another  all  of  the  iudden,  as  in  the 
twinkling  ^  an  Eye*  Only  I  oblerved  of  one,  that  the  Water  boUod 
up  frQm  the  Sea  to  a  great  Height,  without  the  leaft  Appearance  of  a. 
Spout  pointing  to  it  either  perpendicularly  or  obliquely,  and  here  the 
Water  of  the  Sea  never  came  tc^ether  in  the  Form  of  a  Pillar  or  a 
Column,  but  did  fly  up  fcatteredly,  the  Sea  being  in  a  boilii^  I^ag^ 
round  the  Place.  The  Wind  being  then  N  £.  the  £ud  boiling  advan- 
ced towards  the  S  W.  as  a  flitting  or  moving  Bufli  upon  the  Surface  of 
the  Sea,  and  at  laft  ceafed.  This  proves  chat  the  boiling  or  flying  up 
of  the  Water  of  the  Sea  may  begin  before  the  Spout  from  the  Cloud 
appears  to  us  :  And  indeed  if  there  be  any  fmall  Matter  <^  Priority 
betwixt  thefe  two  Appearances»  the  boiliog  or  throwing  up^  of  cl^ 
Sea-water  has  it :  Which  begins  firft  to  boil,  and  then  frames 
it  ielf  into  a  Pillar  of  Water,  efpecially  on  the  lo^rer  P^ut  there* 
of. 

.  It  was  oblervable  of  all  of  them,  but  more  perceptible  of  the  great 
one ;  that  towards  the  end  it  began  to  appear  like  a  hoUow  Qinal« 
only  black  in  the  Borden,  but  white  in  the  Middle  *,.  and  though  ac 
firft  it  was  altogether  black  »nd  Ofiaque»  yec  now  one  could  very  di- 

ftioftly 
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fttnftly  peitdire^e  Sea*  Water  to  fly  up  along  the  Middle  of  this  Ou 
Hal,  at  ^moaic  op  a  Chimney,  and  that  with  great  Swiftnefs,  and  very 
..perceptible  Motion  •    And  then  foon  after  the  Spout  or  Canal  brake 
in  the  Middle,  and  difappearM  by  little  and  little :  The  boiling  up» 
^d  liie  Pyiar-like  Form  of  the  Sea  Water  continuing  ftill  the  laft» 
even  for  fome  confiderableTime  after  the  Spout  difappear'd,  and  per- 
haps till  the  Spout  fippear'd  a^n,  which  it  commonly  did  in  the  uune 
.Placfe  as  before,  breaking  and  forming  itfelf  again  feveral  times  in  a 
quarter  of  an  Hour»  or  half  an  Hour's  Time. 
,  The. Middle  one  of  the  three,  exceeded  all  the  reft  in  Bignefs,  Per- 
pendicularity, Conftancy  of  Form  and  Situation*  as  well  as  Duration  \ 
-CRitaekift  vaniflied. 

I  know  not,  if  any  has  accounted  for  Hm  Pb^ffnamenon^  but  I  ima- 
gmeit  may  bcfolv'd  by  Suftion  (improperly  focall'd)  or  rather  Pul- 
fion^  as  in  the  Application  of  a  Cupping-gbfs  to  the  Fleih,  the  Air  be* 
ihg  firft  voided  by  the  kindled  t^lax. 

It  was  farther  obfeivaUe^  that  the  oblique  Spoots  pointed  always 
from  the  Wind ;  that  is,  that  the  Wind  bong  at  N.  E.  the  oblique 
Spouts  always  pointed  to  the  &  W.  tho'  at  the  umeTime  and  Moment 
there  weve  others  perpendicuhrt  which  remained  ftill  fo,  hotwithfbnd* 
ingcbeWind* 

Alfi)  that  fuch  as  were  curved  had  ftill  the  Convex  fide,  from,  the 
Wiad,  and  the  Concave  towards  it  v  that  is,  the  Wind  being  at  N.  E* 
the  Concave  was  towards  the  N.  £.  and  the  Con  vex  towards  the  S\  W.. 

It  rained  a  great  deal  during  the  Continuance  of  thefe  Spouts,  and 
after  their  total  Difappearance  we  had  half  an  Hour^s  violent  Gale  of 
Wind  from  the  N*  &•  with  very  little  Rain,  die  Weather  afterwards 
clearMop; 

Xbe  Expknatm  of  the  tables. 

A  The  Spqut  of  a  black  Colour,  falling  out  of  a  black  Cloud  per-  Fig.  ^ 
pendicularly. 

B  The  Water  of  the  Sea,  rifing  in  the  Form  of  a  Pillar  or  Column 
in  the  Middle,  and  fcatter'd  round  about  the  faid  middle  Column, 
in  foon  of  Smoak,  or  rather  like  the  falling  of  a  Jttte  itm.  Thefe 
two  meet  one  another  direAly^  and  the  Column  of  Water  from  tfab 
Sea  is  commonly  ^fler  than  the  Spout  from  die  Ckiuds* 

.^  A  curved  Spout,  joining  with  the  rifmg  Water  of  the  Sea  at  B.         FSg.  11, 

A  Reprefents  a  black  Spout,  falling  obliquely  from  the  Clouds  of  the  Fig«  is. 
fame  Colour.. 

B  Repiefents  the  itfcending  Column  of  the  Sear  Waiter  as  in  Vig.  ro» 
with  this  Differences  that  here  the  Spout  and  Col^n  df  Water.medc 
Hot*,  •  •  '  *  * 

Eaa^WmtfiMFigtfignlfyEaftaiidWdt  ;        f^«3« 
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%•  13.         \  2  3  Reprefent  the  fticccflive  Progreflton  of  tKe'l»aihgf-^  th»  te 
from^Eaft  to  Weft,  or  from  N.  E.  to  S.  W.  ioA  that  wMiouc  ;«y 
//Ap|>earance  ofa  Spout  from  the  Clouds,  pofftting  tb  thiier  ef^tkdb 
'  -  PJaces.  '         A     • 

'Jg-  «4'        ^  Reprefents  the  big  perpendicular  Spout  a  Bttte  befiwc  it»  4)n9ikin^ 
.  whitq  in  the  Middle. 
B  The  Column  of  Sea  Water  joining  therewith: 
2  2  2  4  The  Water  of  the  Se«,  afeending  ia  the  FWffi  of  Smook  i:^ 
4^  Chimney,  all  along  the  Cohimh  ^  B  to  the  Clouds.  •  1 

^«-  »5-  A  The  breaking  of  a  pcrpendictrlar  Spout,  cbmmbtily  be^mng  in 
the  Middle  at  A.'    •  •  j 

B.The  Rife  of  the  Sea  Water,  which  begins  to  fail,  and  the  iiii<lQkfc 
;  Column  to  difappear.  .•  .    -  .  \ 

Fig.  16.  A  An  oblique  Spout^  which  after  Ttacturtg  tty  the  Sea  in  a  curved 
Line,  or  bbtufe  Ahgle,  docs  f<tyon  after  brenk/at  A,  and  diiap- 
P<xar.;  ^  ;•  -  -'.  ' 

B .  the,  Rifing  of  tte  Sea  Waiter  ^ftj  l^mningft>  cSitfe:. 
Fig.  17.         A  A  f)erpendicular 'Spout  beginning  to  fisdl    '    "• 

B.  The  beginning  Aftent  of  the  Water  6f  the  ^i^tHldet  it.  -     - 

Fig.  18.         A  An  oblique  Spout  beginnihg;'of  darting  kf^Ouftof  cheCkwk' 
B.  The.  rifuig  or  boiling  of  the  Watcr^  anfwering  to  it  in  an  dbtiiqac 

Tfhdc  fometimes 'reach  down  to  the  Sfca  or  rifii%<Wa«er,  Md.ibriNh 
times.  tb^  do  not  reach  thither,  but  continiie  a*  while,  as^  besc  cep» 

fcnjted%  .  '..  r'  .»-....-•  ^i 

^  fFater-  *'  "3.3  On  the  1 5th  of  ^^.  1 687.  abottt  two  in  At  Aftemooiiv  *a{ipei^- 
J^.^'  H^-  cd  a  5/<w/  in  the  Air  at  Ha^U  in  rorkjhire  •,  it  was  about  at  Nfik  rf 
^'l/jkfr  coming  direftly  to  the'  Place  where  I  was-,  ^  took  my  Profpedive 
Abr/4a  1%  '   GWlfof  10  obfcrvA  it  as.  weU  as  I  could. 

ftymc.n.28i.      The  Seafon  was  very  dry,  the  Weather  eirtreme  hor,.  and  the  ifk 

p.  1248,       y^  cloudy*  ther  Wii]!d  aloft,  and  pretty,  ftrong,   antf  ("which  is  it- 

markable)  blowng  ,ouc  of  feveral  Quarters  at  the  fimc  Tlmc^  and 

ftJUilg  the  Air  horeabputs,  with ,  niighty '  thick    and  black    Citmds, 

l^cfjlpooi  byer  J  the  Wind  ttius  blpwihg  foon  created' a  wtat^i^- 

texy  Gyration^  ^md  Whirling,  ampn^ft  the  Cfoiidk  r  the  Cbncef  of 

wWchi  ^v^ .  ,ww  .and,  then  dropx  down  ih  the '^  Shape  of  a-  t6idc 

Jong  blpck  Pip^«  conotmonly  ca^lM! ,a|,  Spout  >  In  WHitti'^  could  m- 

ftinftly  view  a  Motion   like  thar  bf'a  Screw;    cbniimialJy   dra^ifig 

.qpw^jtds^.and.  fqr^yri^ig  up  C^  if  ,WSreX  yhatever.jt  touched*,     la.  iis 

iPmgnfft  it  »oVd,  .ijQwljr  over  fl,Hedge^IfeV5>''atffGi^^  of  yotirtg 

.Trees,  which  it  made  to  bend*  like  Hazlb  Wah'd^V  iH  a  tlrctlfttr  Mo- 

^  J     tion  i  then  going  forward  to*  efCal^,^ar.o>,  it\  twijtph!d  off ,,ia-^a  Mj- 

nute  all  the  Thatch,   and  filra  the  whble -Aif-tlterewith.    C3drmii% 

<         r  -to 


^\^y9y:W^.Q^\^,TtP^  it«Tii^eitbend  Ulcjc  the  foregoing  Jjr^ 

XifW^oife;5u!:y,^WHi*w^  a  very  c^deral)^* 

Difcfijo^jiJ^cftSOgjjkfig  ta,,^c-P4Ace  .where  t.  ftood,,  WpJW:^, 
W«of  «%  Jt;J)ctft}tl^hi^  f^iJtiaffomen(m^  and.i  &,und/ha;:  it  j^^^^ 
ceeded  from  notIiii)g)t^M5  apy^iQ^;af  W  Clwtfs  by  contrary, ^jVSijds. 
'WJffiffii^n'^Ppipi/jr'pexfteri/i^  tljc- grc^^eft  Coo(jcn(^uon 

about  a  Quarter  of  a  Mile  farther,  it 'dillblv'd  oy  the  Prevalepcy'of^^fc 
'Wind  that  came  out  of  the  Eaft. 

.J      '      .   i  y  ;.:  v't'  f;  •   .  •     f:  '..  •.    '    f.-. .  .  .;  r  .^'v   r  ^        .  ;     .  ry  , 

;;  .il..J  :I  h^ye  ften soother  Spoilt  in  ,d>e. j[ame  PJ^^'  yf^^^  very .  much  J^T^f*^^^ 
9^Hfi4:«|siiie  ;^^  my  Ifctipfl  of; t|ie  Drigiil  and  Watv^g  of  ^^*\,yhi ;^:!^^^: ' 
Wqwhcrhpn?  icn^t^?  P^qf*  the  CftUfitry,  'hath  beei^Vqxceedink^^^^^        »3jr-     «  ""f 
copj^  ifti(Mliycb.dta5  4tric^d^father. to.be  .       .      ' 

fiej'iibe  a.iil  (rf *f«<r;ii^  wj^,p^^,  w^rgi,;:  .on;  thf  'Afternooh  of   "    .   .  .*  , 
^  "VWteh^D^y^  45QI«^>w'of  ;iy  Clw^»;no  W  bcIoV;  tho'  it 

Hff^  pMBewdiat  gre^  Jb  th^^Air,  ^the:Cloud^  l>^n  .to  \N  P^^^^'^y  -^r 
ttttd'a^cl  4riyeftilpgethcr.i  ¥?hcrwpoj^  they  becamip,^  jfery  bWcJt, /,and 
*W;De,j((PQft  viftbiy).  hurried  roiufd^ifrpni  whence  Vpoceedcd^^^/mQ^ 
audible  whirling  Noife,  like  d3ap;pona(Qioo}y  he^d  hx^a  Mill..,  %^ftcr.a 
y^^^  «  lof^  3^1^  or  Spout,  f{2^^  daWQ  from  ihe  i^enter  of  k^' con- 

iiCi"Wjr:i>r:  ihe:  C^i^tfl  JrtcJnmdis^  wh^njt  is.  .ii^  Motiqn,,  by.'.y?hic]i 
ifkin^  ViKOf e  4nd  (wifttuciung,-  Water  aleeada.upifm  the  pp^Q  ^s.^well 
itoiiW«.thA<*heftL.i*M  W^v«U'd  fl^wiy/rom  Wcft.tio,N^ 

made  others  lie  down  flat  upon  their  Bejlies^ta  jiave  bdngVhirl^^ 
•bbuft'Md  ikilird.bgr  '^\i\\^  ^y  "^w  .nMHf .  Jackdaws  ^to:  ^  ^t  ^^ere 

iMPidni 

J«rtat'  .  ,  ,  ,,    .^       . 

Hhat  it  plutk'd  ^ff  fmm  fwoe  of  the >JfcIqufes;^.^t;h(^  totjchj^^  PP^^  f 
<:«wkrrof  tte  Chupcb^ -it lore  up  fevenal  Sheet^,  ctf  JLe^t  ajili' rolled 
^rfwWftiiMigqlt  iQgcjtJier;  Iboa  4tpr?¥hid^,  it  <f j^iblv^  ^^.rif^iffe?^ 
wkJtoutd<>iog My. further Mifc^of,  .  ,*.:/...  -  .  :L' a  * 
:i  :-:B9^!  ^  the  Obfeifvatiofis  thtt-  i(  could  ■/i>^e  9^)^s>  in4  th^  mm^^ 
Ik  fo^nd  that  iMd  they  been  at  Sen,  and  joined  /t^.^.^ jS^jrf^  ^^^f **^* 
X^ej  ymild  have  carded  a  vaft  Qjia^ty  4^  W^tef  ^p^*)^ 
and  tlie  Tubes  would  diea  have  ^become much  i^or^  itrvng ^a.pp^e 
than  they  were,  aa4  hirrt  contiaiMi  xi^ui^  Ipflgejc^  ,    .  ;  >  ^,  ^  jl 


i<rt-  ^       Of  frater-Spouti 

It  U  commonly  (aid  that  at  Sea  the  Water  cxillefts  and  iMibbles  up 
«Pbot;Or  two  high  under thcfeSpoutB  before  thatth^  be  joined: 
ButtheMiftake  lies  in  the  Pdlnctditjr  imd  Finenefs  of  thofe  PipeSi 
which  do  mod  certainly  touch  the  Surface  of  the  Sea  before  that  any 
coilfidetable  Motion  be  made  in  tt»  and  that  when  the  Kpe  begins 
to  fill  with  Water,  it  then  becomes  opaque  and  vifible. 

Aii6t  the  Reafon  of  their  diflblving  of  themfelves  after  that  dicy     j 
haV^  drunk  up  a  great  Quantity  of  Water,  I  take  it  to  be  through     | 
fhe  gt^t  Quantity  of  the  Water  that  they  have  carried  up,  which  m^ 
need^  thicken  the  Cloudi,  and  impede  their  Motion,  and  by  that  Means     i 

dilTolve  the  Pipes.  | 

j 

HfOLvfH^a-     5.]  We  have  Sequent  Ac^unts  of  Damage  done  at  Sea  by  Spouts 
t^fi^  £     of  Wat^,  yet  fuch  nuely  happening  at  Land,  induced  ne  to  take  die 
^^t!by  Dr.  following  Reladon  of  a  remarkame  one,  which  fell  on  Emmii-nmiy 
R.  RicWd-   nigh  Odnin  lumcqfiAn^  on  Tmfday  the  3d  of  June  17189  about  Ten  in 
foa.  B.  363.  thfe  Mdrning^  when  feveral  Perfons  who  were  employ'd  in  digging 
p.  1097.        p^^^  j^;g}^  ^^  p]^^  where  this  Accident  happened,   upon  a  fuddea 
vrere  fo  terrified  with  an  unufual  Voice  in  the  Air«  that  they  left  dieir 
Work  and  ran  Home,  which  was  about  a  Mile  from  the  Place :  But 
to  thdr  great  Surprize,  they  were  intercepted  by  Water  •,    for  a  fmall 
BrbokindieWay  was  rifen  above  fix  Feet  perpendicular  in  a  few  Mi- 
nutes Time,  and  had  overflown  the  Bridge. 

It  is  to  be  obferv'd,  that  there  was  no  Rain  at  thtt  Time  on  Emoii- 
mcriy  only  a  Mift,  which  is  very  frequent  upon  thofe  h%h  Mountains 
in  Summer-dme.  Their  was  a  great  Darkneis  In  the  Place  where  the 
Water  fell;  widiout  either  Thunder  or  Lightning,  (as  I  had  my  Iirfbr- 
motion  frcmi  an  Eye-witnefs,)  The.  Meadows  at  H^olu  were  fo  oMick 
Boated^  duit  die  like  had  not  been  ifeen  in  feveral  Yetts  befove,  tfao' 
there  it  was  a  very  bright  Day. 

I  went  to  vieV the Pl^ure  where  the  Water  felli  cho*  I  believ'd  diis 
Inundadon  might  prdcced  from  an  Enxption  of  Water  out  of  the  Side 
of  die  Mountain  \  fuch  being  not  unmquent,  where  Lead  or  Cod 
liove  been  dug,  but  neither  have  ever  been  fought  for  here.  The 
Ground  was  torn  up  to  the  very  Rbcfc,  where  die  Water  fell,  wUch 
was  abdve  fevenFeet  deep,  and  a  deep  Gulf  made  for  above  half  a 
Mile,  and  vaft  Heaps  of  Earth  caft  tip*  on  each  Side  of  it,  fome  Pieoes 
remaining  yet  above  twenty  Feet  over,  and  fix  or  feven  Feet  thkk. 
About  ten  Acres  of  Grouhd  were  deftroyed  by  this  Flood.  The  firft 
Breach  where  the  Water  fell  is  about  fixty  Feet  over,  »d  no  Appear- 
ancie  dFany  Eruption,  the  Ground  being  firm  about  it,  and  noCsvkjr 
appearing.  The  Ground  to^  on  each  Side  the  Gulf  was  fo  (hakeis  diac 
Jarge  O^afm  appeared  at  abdve  diirty  Feet  Diftance, 

Ob 
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.   Storm  efHaU.  lo^ 

XV.  On  the  pb  of  7^*^^7115  thcr^  happened  a  very  great  Storm  A  Storm  of 
dF  Hail,  accompanied  with  terrible  Thunder  and  Lightning,    It  be-  ^1%^^^' 
gun  about  Rotberbam  (a  little  beyond  which  vfQ&  fomething  of  ^ -Bil^hortibY, 
Hurricane)  where  it  burnt  a  noted  Tree.     About  One  of  the  Clock  n.335.p.ji4.. 
it  reached  JVentwortb-fVoodb^fe.    The  Hail-ftpnes  were  from  3  to 

I  Inches  in  Circumference,  and  fome  fey  largq-,  which  killed:  leve- 
rai  Pigeons;  but  the  chief  Damage  done  here  was  in  the  Glafs- 
Windows.  In  i^tf^  Field,  about  two  Miles  from  thence,  it  did 
▼aft  Damage.  Some  Part  of  the  Field  efcaped,  and  the  Barlejf  re- 
ceived no  Damage ;  but  the  Generality  of  the  fUjeat  was  cut  off, 
i^Vt  half  a  Yard  from»  the  Ground,  and  the  Rye  about  two  Feec 
The  Stubble,  tho*  green  at  firft,  turn'd  white,  that  it  look'd  like  a 
field  newly  fhorn.  The  Rye  was  afterwards  mown,  inftcad  of  (hear- 
ing, and  yielded  not  above  a  Bulhel  of  Com  in  a  Wain-loadi  Some 
of  the  fVbeat  took  Root,  and  grew  up.  The  Breadth  of  this  Storm 
was  about  half  a  Mile,  as  appeared  by  the  Effefts.  In  Places  ad- 
joining there  was  no  Hail,  but  large  Drops  of  Rain.  A  Joyner 
meafured  one  of  the  Hatl-ftones  with  his  Compares,  and  it  was  an 
Inch  and  half  in  Leng^ ;  but  thefe  were  not  Globular,  but  moftly 
Oblong.  The  Generality  of  them  at  BoUon-upon-Dcame  were  of  the 
Bignefs  of  Cherries  y  thp'  one  was  uken  up  that  was  an  Inch  and  half 
in  Diameter,  and  round,  not  long,  and  fomewhat  flai:^  as  the  others 
were.  Great  Quantities  of  Twigs  and  fmall  Boughs  were  beaten  off 
the  Trees. 

XVI.  I.]  Having  receivM  frotn  Mr.  T'l^wff&y  an  Account  of  the  State  Obfemitions 
of  the  Atmofpherein  Lancafiire^  during  the  late  great  Storm,  -I  ihall^'*'^'^??*' 
compare  his  Obfervations  with  mine  at  Uptmnfier:  I  Ihall  not  give  a  26^703.^ 
long  Hiftory  of  the  Devaftations,  fcfc.  but  fhall  make  a  few  Remarks  ^  >.  w.  bcr- 
of  a  more  Philofophical  Conlideration.  ham.  n.  289. 

To  look  back  then  to  the  preceding  Seafbns  of  the  Year,  April,  May^  P* ' 53^- 
^ffine  and  Juhf  were  wet  Months  in  our  Southern  Parts.  In  April  there 
fell  12,  49  /.  of  Rain  thro*  my  Tunnel.  (And  about  6,  7^,  8,  or  9  /.  I 
efteem  a  moderate  Quantity  for  Upmnfter.) .  In  May  there  fell  mqre 
tban  in  any  Month  of  any  TearJ^nce  the  Tear  1696,  viz.  20,  77  1,  June 
likewife  was  a  dripping  Month,  in  which  fell  14,  55  /.  And  July^ 
altho*  it  had   conliderable  Intermiffions,   yet  had    14,  19/.     Above 

II  /.  of  which  fell  on  July  28/i&  and  29/i&  in  violent  Showers;  and 
I  remember  the  News  Papers  gave  Account  of  great  Rains  that 
Month  from  divers  Places  of  Europe  \  but  the  Nortb  of  England 
(which  alfo  efcaped  the  Violence  of  the  hte  Storm)  was  not  fo  re- 
markably wet  in  any  of  thofe  Months  \  at  leail  not  in  that  great 
Proportion  more  than  we,  as  ufually  they  are ;  as  I  guefs  from  the 
Tables  of  Rain,  which  I  had  from  Mr.  Toxvnley:   Particularly  July 
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.  .  was  a  dry  Month  with  them,  there  being  no  more  than  3,65/.  of  Rjuq 
fell  through  Mr.  fcnmkyS  Tunnel  6f  i!he  fartic  Diatn^tfr  witfi  hain^.  ^ 
Septembtr  was  a  wet  Month,  cfpeclaily  the  latter  Part  of  it ;  dkci^ 
fell  of  Rain  in  that  Month  14,86 1 

OHober  %nA  Noven^j  tho*  not  remarkably  wet,  yet  ha^c  bfen  oprti 
warm  Months  for  the  moft  Part.  My  Thermometer  (whofc  freezing 
Point  is  about  84)  hath  been  very  fcldom  bcfow  100  ill  this  Wintd-, 
and  cl^ecially  in  Noven^er.  .    . 

I  hare  given  this  Account  of  the  preceding  Dt^>o(ition  of  the 
Year,  particularly  zs  to  Wet  and  Warmth,  becauft  I  am  of  Opi- 
nion, tnat  thefe  had  a  great  Influence  in  the  late  Storm  %  n6t  only 
in  caufing  ^  Repletion  of  Vapours  ih  the  Atfnbfphere,  but  alio  in 
raiiing  fuch  Nitro-fulphureous  or  other  heterogeneous  Matter,  which, 
when  mix*d  together  might  make  a  fort  of  Explofion  (lifee  fir'd  Gun- 
powder) in  the  Atmofphere;  ^  And  from  this  Exploliori,  I  judgeth<^ 
Corufcations  or  Flalhes  in  the  Storm  to  have  proceeded,  wWch 
moft  People,  as  well  as  myfdf,  obftnrcd,  and  which  fome  took  for 
Lightning, 

On  Thar/day^  Nov.  25.  ih  the  Mofniftg  was*a  HttteRitin,  the  Winds 
high  in  the  Afternoon  S,  by  E.  and  S,  *  Ih  the  Evening  there  was 
Lightning,  and  between  Nine  and  Ten  of  the  Clock  at  Night  a  vio- 
lent but  Ihort  Storm  of  Wind  and  much  Rain  titUpmn/ter^  and  of 
Hail  Wi  fome  other  Places.  There  fell  fai  that  Storm  1,65  /  of  Rain. 
The  hext  Morning,  Pri)iay  Nm.  26.  iiud  Wind  was  5.  S.  W.  and  high 
all  Day,  and  fo  continued.  About  12  at  Night  the  Storm  awakened 
me,  which  gradually  increased  till  near  Three  that  Morning.  And 
from  thence  till  Seven  it  continued  in'  tihe  greateft  Excefs ;  and  then 
began  flowly  to  abafte,  and  the  M&iUry  to  Tife  fwifUy.  The  Barome- 
ter I  found  at  12  h,  i  P.  M.  at  28,72,  where  it  continued  tiH  abowt  6 
the  next  Morning,  or  6i,  and  then  haftily  rofe  \  fo  diat  it  was  got  to 
52  about  8  a-Clock,  as  in  the  TAle,  : 

How  the  Wind  fate  during  the  late  Storm,  I  cannot  pofitively  ikj^^ 
it  being  exceffively  dark  all  the  whHe,  and  my  Vane  was  blown  down/ 
But  by  Information  from  fome  that  "were  forced  to  venture  Abroad," 
and  by  my  own  Guef?,  I  imagine  it  to  have  blown  about  S.  W.  by  S.  or* 
nearer  to  the  S.  in  the  Beginning,  and  to  mr  about  towards  the  Weft 
towards  the  End  of  the  Storm,  as  far  as  W.  S.  W. 

The  Degrees  of  the  Wind's  Strength  being  not  meafurable,  but  by 
guefs,  I  thus  determine,  with  Refpeft  to  other  Storms.    On  Feb,  j. 
^  169I  was  a  terrible  Storm  that  did  much  Damage.    This  I  number  ro 

Degrees ;  the  Wind  then  "W.  N.  W.  Another  remarkable  Storm  was 
Feb.  ^.  1 70I,  at  which  Time  was  the  greateft  Defcent  of  the  ?  ever 
known.  This  I  number  nine  Degrees.  But  this  laft  of  Navm^j  i 
number  at  Icaft  1 5  Degreeis. 
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Sjorm  in  Q^ff^iri)  it  ,ufaf  a  ^^orroy  AftcrWKJn  Iu;re  a«  Upninfift^  * 
accompany' d  with  Rain,  but  not  violent,  nor  5  very  low, ^^^,i(V5syi;ff-* 
iir  the  lUh  and  i2/i&  had  both  higher  Winds  and  more  Rain ;  and 
the  S  was  U^ofe  Q^ys  lower  ^thafi  even  ia  the  )a(^  Storm  gf  November 

I  have  had  Accounts  pf  the  Violence  oC  the  Siorm  zt  JJatmcb^ 
Aeccksj  Sudbury^  Cohbefter^  fUcb/frd^  w4.fevef|^  other  intefgiQdiatc 
I^jUces. 
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A  Tal»k,  flufWtflg  the  Height  of  the  Mttxwy  ia  the  Ba- 
romrteXf  «c   2>««^  and  Upmm^,  before,  iiu  and  af- 
ter the  Storm. 
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I  have  received  an  Account  from  a  Clergyman  at  Lewes  in  5«^;r, 
licrt  only  that  the  Storm  irnrde  great  Dekd^tions  thereabouts,  but 
*^  That  a  Phyfician  trardlnig  foon  after  the  Storm  to  Tifiiyrfij  a- 
*•  bout  20  Miles  from  Le^oes^  and  as  far  from  the  Sea,  as  he 
•^  rede  pkick'd  feme  Tops  of  Hedges,  and  che3»dng  them,  found 
**  them  ftit.  Some  at  Lewes  Having  this,  taftcd'fome  Grapes  that 
^  were  ftill  on  the  Vkies,  and  they  alfo  had  die  fame  Relifti.  The 
^  Graft  en  the  Downs  inhhParilh  was  fo  fait,  that  the  Sheep  in 
**  the  Morning  would  not  feed  till  Hunger  CompdPd  them,  and 
^^  afterwards  drank  like  Fifhes,  as  the  Shepherds  report.    This  he 

^^  ^ttribuMth  to  Saline  Particles  driven  from    the  Sea.— He 
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^^  heareth  alfo,  that  People  about  Pdrtjmuib  were  much  annajred 
^*  with  fulphureous  Fumes^  complaining  thef  were  ahnoft  fuitoc^ced 
•*  therewith. 

-*Hwi  tUfe  fame      2.]  We  livc  ten  Miles  ofF  the  Sea  in  a  direft  Lane,  and  yet  can 

in  Suflcx.  fy  fcarce  pcrfuade  the  Country  People,  but  that  the  Sea  Water  was  blowa 

J-^"^^'^^'^-^?' thus  far,  or  that  during  the  Tempcft  the  Rain  was  fait,  for  all  the 

^  *  '  Twigs  of  the  Trees  the  Day  after  were  white,  and  tafcd  very  fait  j 

as  I  am  informed  almoft  by  every  Body,  though  I  did  not  tafie  them 

time  enough  mvfelf,  nor  obfervc  it,  and  that  not  only  upon  this  Hill 

where  we  live  facing  the  Sea,  but  in  all  other  Places  witnin  14  or  15 

Miles  of  the  Sea,  as  well  in  the  Vallies,  between  which  and  the  Sea  are 

feveral  high  Hills,  as  on  the  Hills  themfelves. 

— w;  t^i  fnmc      3-1  ^^  ^  ^/^  of  December  I  "joi^  we  had  a  dreadful  Storm  from  the 
i^>A/r.Lc\vcii.  South- Weft^,  infomuch  that  the  Water  mingled  with  fmall  Particles  of 
Aock,  iitd.     Chalk  and  Stone,  was  fo  djA*d  againfl  the  Glafs-windows,  that  many 
of  them  were  darkened  therewith. 

The  lower  Windows  of  my  Houfc,  notwithllandmg  that  they  look 
to  the  North  Eaft,  and  fo  ftood  from  the  Wind,  were  fo  cover'd  with 
the  Particles  of  the  Water,'  which  the  Whirlwind  cafl  againft  them^ 
that  in  Icfs  than  half  an  Hour's  time  they  loft  moft  of  their  Tranfpa- 
rcncy.  Suppofing  this  might  be  Sea-water,  1  view'd  thefe  Particks 
with  my  Miccofcope,  and  found  they  bad  the  Figure  of  our  common 
Salt :  As  to  the  upper  Windows,  where  the  Rain  had  beat  againft 
them,  there  was  little  or  no  Salt  to  be  found  fticking  upon  them. 

During  the  faid  Storm,  and  about  eight  of  the  Qock  in  the  Mor- 
ning, I  caft  my  Eye  on  my  Barometer,  and  obferv'd  that  I  had  never 
feen  the  Mercury  \o  low ;  but  half  an  Hour  after  the  Mercury  b^aa 
to  rife,  though  the  Storm  was  not  at  all  abated,  at  leaft  to  any  Ap- 
.  pearance  ;  from  whence  I  concluded  the  Storm  would  not  laft  lon^ 
which  accordingly  fo  happen'd. 

Some  think  that  the  fcattering  of  this  Salt  Water  will  do  a  great  deal 
of  harm  to  the  Fruits  of  the  Earth  %  but  I  am  of  Opinion  that  a  little 
Salt  fprcad  over  the  Surface  of  the  Earth,  especially  where  it  is  heavy 
Clay-ground,  does  render  it  fruitful ;  and  (o  it  would  be  if  the  Saod 
out  of  the  Sea  were  made  ufe  of  to  the  fame  Purpofe. 

^  ^^        4-1  From  the  Waves  of  the  Sea,  which  the  Winds  had  carried  over 

fiune,  ^  the    our  Meadows  and  Orchards,  I  prefaged  a  fruitfiil  Year*    Since  that  fe-^ 

fame,  n.  29$.  veral  Pcrfons  concern- d  in  Tillage  and  Grazing  have  afliired  me,  chat 

P'  *793-       they  never  knew  fuch  a  plentiful  Year  for  Grals^  as  alfa  for  Peafc  and 

Bcans^  as  the  laft  Summer  wa$« 
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Hiftory  rf  the  great  Frofi.  11.3^ 

XVn.    The  Society  havins  put  Into  my  Hands  feme  Papers  relat-  71/  Hifbiy 
ing  to  the  late^rf^i/ ffv/,  and  having  myfelf  received  Accounts  there- ^jf'^  K'**^ 
of  from  my  Friends  at  home  and  abroad,  I  fhall  endeavour  to  give  an  ^fr  W  Dcr^ 
Account  ot  the  Hegru  and  EfftSts  of  this  remarkable  Frofi.  iJ^^  ^  ^^^[ 

As  to  the  Hegnt  of  this  Froft,  I  believe  it  was  greater  (if  not  more  "^he  Digra  cf 
univerfal  alfo)  ^n  any  within  the  M'emory  of  Man.    The  greateft  that  ^  ^  *« 
hath  happened  within  our  Memory,  was  the  Long  Frofi  in  1683  ^    but     *      •  , 
the  late  Froft,  although  of  fhorter  Continuance,  was  more  intend  than 
that.     My  Thermometer  was  lower  on  December  30.  (+)  than  it  had  (t)  ^'^.  Su- 
cver  been  fince  1697,  when  I  firft  began  my  Thermometrical  Ob-P»S.  XI. 
fervations :  The  fclf-fame  Thermometer  in  our  Repofitory  in  Grefljom-^ 
College  was  lower  than  ever  it  was  before :  [The  Particulars  of  its  great* 
eft  Defcents  are  thefe ;  January  t6.  1696.  41  Gr.     January   5.  1683. 
40  Gr^  and  January  3.  1708-9,  43  Gr."]     And  laftly,  that  in  another 
felf-fame  Glafs  in  Londottj  [Mr.  J.  Patricias]  the  Spirits  were  four  or 
five  Degrees  lower  than  in.i68:^. 

In  London  the  greateft  Contra^ion  of  the  Spirits  was  on  January  3.. 
which  was  an  exceflive  cold  Day  at  Upminfier  alfo  :  But  the  far  greateft 
ContfaftioAwith  us  was  on  December  30.  before.  The  Reafon  of  the 
DiflFerence  is»  becaufe  my  Thermometer  is  always  abroad  in  the  open 
Air,  where  no  Sun-ihine  toucheth  \  but  thofe  two  London-Glajfes  ara 
within  Doors,  in  Rooms  where  no  Fires  are  made.  And  it  is  eafy  ta 
obferve,  that  the  Froft  doth  not  prefently  exert  its  greateft  Force,,  nor 
fo  foon  abate  its  Force  within  Doors,  as  without. 

Of  this  Intenfenefs  of  the  Cold  with  us,  I  have  leceiv'd  Confirma- 
tions from  other  Places  in  the  Southern  Parts  of  our  IQand. 

The  Defcent  of  the  Spirits  in  my  Thermometer  on  December  30. 
was  within  One  tenth  of  an  Inch  as  great  as  the  Defcent  effected  at 
another  Time  (and  that  in  a  CqU  Day  too)  with  artificial  Freezings 
performed  both  with  Snow  and  Salt,  and  alfo  Snow  and  Spirits.. 
Both  which  Mixtures  I  have  feyeral  Times  made  ufe  of,  and  find  them 
nearly  of  equal  Power  :  If  any  Difference  be,  I  have  fometimes 
thought  the  Preference  due  to  the  Mixture  of  Spirit  of  Wine  with  the 
Snow. 

Although  the  Froft  was  lb  rigorous  in  the  Southern  P^rts  of  our  Degree  ^/A# 
Ifle,  yet  the  Northern  felt  little   thereof;    as  I  have  been  certified  ^^ '*  ^^^'^ 
by  Peribns  that  have  come  from  thence^  as  well  as  by  fev^ral  Letters.  ^  ' 
Dr.  £{9^10^  writes  to  me  in  general,  that  he  hath   received  many  In- 
formatiojis  from  thofe  Parts,  which,  do  all  agree  that  the  Winter  was. 
no  way  extremely  cold  therc^  but  as  other  Winters.    The  Lord  ^^^ 

of 


of  Cc^rJifle  in  a  Letter  tp  Dr..  Woodward^  fays,  "  In  Jamatf  Wl,  I  had 
^'  a  fuffident  Occafion  to  take  Notice  of  the  Froft  wd  Cold  belag 
^^  more  intenfc  in  the  Southern  Parts  dian  here,  and  die  Snow  much 
•'  thicker.  I  began  my  Lmion  Journey  on  the  26th  of  that  Month, 
^  three  Days  before  the  Thaw,  and  allure  you  that  for  ieveral  Miks 
**  (near  the  Banks  of  the  River  Eien^  in  both  the  Counties  of  Cum- 
"  bvrland  and  tFeJhmreland)  my  Horfcs  hardly  ever  orod  upon  Snov. 
"  When  we  came  to  StanemooTj  on  the  Confines  of  J'ori/bire^  we  found 
"  the  Ground  covered  pretty  thick,  and  the  deeper  ftill  the  farther : 
''  we  came  to  the  South.  None  of  our  Rivers  or  Lakes  were  frozen 
^^  over  ;  and  the  extraondinary  Fk>cks  of  Swans  chat  reforted  hither 
'^  (nothing  of  the  like  having  been  feen  by  the  eldeft  Man  living). 
«(  was  a  fare  Argument  that  the  Temperature  of  Climates  was  ftraage-  . 
**"  ly  inverted.*' 

^  From  Edinburgh,  Sir  Robert  Sibbald  fays,  **  I  can  leani  no  cztraor* 
"*  dinary  EfFefts  of  the  cold  Seafon  here.     It  w^s  a  long  Winters  The 
^'  Cold  came  early  in  Offob.  and  continued  till  mar  Mi^.    Them  was 
^^  much  Snow,  which  lay  long  upon  our  South  Hills  near  dm  Plaoc  . 
^'  We  had  not  much  Snow  to  fpeak  of,  and  it  lafted  not  long." 

In  Ireland.         In  Ireland^  1  am  informed,  the  Froft  was  very  favourable,  by  aliCt- 

•    ter  from  Mr.  S.  Mt^fyneux^  who  fays,  ^*  They  had  there  an  harder  Wimicr 

^^  than  ufual,  but  judgeth  they  fuflr<»'ed  not  fo  much  as  their  Neig^ 

"  hours :  They  hswi  two  or  three  pretty  hard  Frofts,  and  ibnac  Snow, 

"  but  not  of  any  remarkable  Continuance,  as  he  remembers.'* 

Degree  0/  the     Jn  the  Comparifon  made  before  between  Dr.  Scbmcbzif^s  Obfervadoas 

£2j?Eu'''  at  Zurich^    and  mine  here,  I  faid  {*)  That  he  noted  the  Cold  to 

rope.      ^     h^^^  been  exceflive  there ;    but  whether  more  dian  ufual  he  faith  not. 
In  Switzer-  But  by  a  Letter  I  have  lately  feen  from  his  Brother,  it  appears  to  have 

^1"^'     J,      been  in  as  great  and  unufual  Excefs  there,  as  here  it  was  with  us. 

pra  S  XI         ^^  *^^  Paper  too  I  obferved,  to  what  Exccfs  «he  Fmlt  arrived  n 
i»  Italy!     -^^^j  "5^^-  **  That  the  Cold  there  was  fo  great,  that  for  20  Years  pjft, 
^^  riiey  had  not  been.fenfible  of  a  greater  ^  and  on  TwelfilhDaf  it  want- 
"  ed  but  half  a  Degree  of  the  Extremity.^* 

h  Denmark.  As  to  the  Northern  Parts,  Dr.  ff^oodward  tfclls  me,  that  in  a  Lettar 
he  received  from  Mr.  Otbo  SperUt^,  from  Copenbagmj  he  caUs  it  Ify- 
ems  Atroctfjima.  And  I  find  it  noted  in  the  Minutes  of  the  Rt^ 
Society  oiMay  4.  1709.  "  That  Dr.  Judicbar  faki  the  Ice  was  frozen 
*^  in  the  Harbour  of  Coperdmgen  27  Inches  •,  and  that  Jfyrii  9* 
^^  N.  S.  People  had  gone  over  between  Schonen  and  Denmark  on  the 
"  Ice.**  Which  Accounts  give  me  a  better  Opinion  of  fonac  Pa- 
pers I  have  by  me,  which  were  ihew'd  fio  the  Society,  concemii^ 
the  Froft  at  Copenhagen^  iaid  to  be  tAm  fmm  fie  Obiemci* 
ons  of  Mr.  Romer.     *Tis  lad  there,    ^  That  &ck  a  Froft  hash 


^•*  not  been- tnown  in  the  Memory  of  Man  in  thefe  Cbiintrtcs,  and 
"  that  the  fnA  hn  J/amary  7.  arid  F^rtuny  2  J.  i7of.  didivery  nearly 
•'  approacWthe  Foiiir  of  Ardfichd:  Fpcezing.*^ 

In  the  N^QChera -Parts  of.  Germariff  it  was  much  the  fame  ;  of  which  ~— f«  Ger* 
I  have  a  printied  Account*  The  Tide  of  the  Book  is,*  C$nftderaHQ  «»ny- 
Phjfico'MtUhtmatica  Hjemis  proximi  fraterlapf^ey  fcfr.  being  an  Acade* 
mical  ExerdfeV  jperform'd  in  the  Univerfity  of  Tlall^  June  1 3.  1 709. 
by  G.  Remui,  a  Dantzkher^  and  printed  at  the  feme  Place  [Halie  Mag- 
deburgica.^  This  Dtfiertati<tai  being,  I  fuppofe,  in  but  few  Hands,  I 
fliall  give  a  Diort  Account  of  it. 

The  Autlor  having  comylain'd  of  the  Defeds  of  Meteorology,  and 
Meteorological  InftrumentSji  and  given  fome  Directions  concerning  ob- 
fcrving  the  Winds,;  6?^.  tells  us,  he  iiad  the  Help  of  the  Obferva-, 
tions  of  three  eminent  Per^ns  in  iits  Diflertation  about  the  Winter^ 
of  Dr.  fFoljius-^  Halls  D^.  Hamhirger  of  the  Univer&y  of  Jena  y 
and  Reverend  Mr,  Teul^er  of  Qza.  The  Winter  he  diftributes  into 
five  Periods,  The  firft  of  which  he  begins  at  OHober  19.  1708.  at 
which  Time  he  fays  the  cold  .Weather  began  with  them,  the  Norther- 
ly Winds  then  blowing,  and  Ifrofty  Weather  accompanying  it.  But 
with  us  at  Uptninft$r^  it  began  fooner :  For  all  the  latter  End  of  Sep- 
IfemheTj  the  Winds  were  Northerly,  and  an  Hoar-Froft  on  Mtcbad-^ 
fnai^  and  the  following  Days,  After  which,  a  great  Part '  of  OSober 
to  the  23 J  Day,  my  Regiftcr  fhcws'the  WeatTier  to  have  been,  for 
the  moft  part  Hoar-frofty,  or  Frofty,  very  agreeably  to  Mr.  Remus^s 
Obfervations.  "  The  End  of  tlus  firft  Period  he  placeth  on  November 
5.  the  fame  with  qut  Oliober  2^.  0.  S.  their  Stile^  J  perceive  by  di- 
vers t^ompaiifons,  and  Hints  in  his  Paper,  being  the  New  Stile. 

i*  s  to  his  next  Period,  which  with  its  Interval  takes  in  Npvetnier 
and  December^  I  find  a  pretty  deal  of  Agreement  between  his  Ob- 
fervations and  mine,  the  Weather  often  being  warm,  or  cold  here> 
as  it  was  there,  and  the  Winds  alfo  not  very  different.  Only  I  obferve 
Che  Cold  in  one  Place  commonly  to  precede  the  other.  Alfo  the  fu- 
rious Wind,  that  he  faith  blew  theNig^t  before  December  13.  was 
hot  perceivable    here   '•till    th^  .ftcohd    Day    after,     viz.    December 

\^toS  ^^"^  Noon:  At  which  Time  it' had  much  fpent  kfolf,  and 

was  only  a  briflc  Eafterly  Wind^  but  no  Storm. « 

The  third  Period  he  begins  on  January  5.  Of  which  he  faiths 
^be  'cene  was  prefently  changed^  and  to  the  J^onj^/hment  of  all  Europe  a 
Ttriodbegan^  which  was  very  remarkable  for  its  unufual  Cold.    The  very 

iamt  <  £^.  I*    J  the  VV  ind  and  Weather  bqgan  here  to  changCi  as  there 

h$  faith  it  did,  and  the  Cold  alfo  to  increafe.     The  moft  renjarkablc 
l^'ef^eflioas  of  the  Spirits  there,  may  be  feen  with  mine  in  this  Table. 

Dof 
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Day  of  the 

D^te    of  the 

Digree  0/  the 

Month. 

Tbermmetier  at 

TJ)€fWOtBii€r 

O.  S.     . 

HalU    at  lo"- 

attJ^m&xTy 
at  s^' P.M. 

' 

P.M. 

Dec.     27 

H 

.■28. 

84f 

75 

29 

84i 

58 

30 

92} 

45 

'       3» 

100 

52 

Jan.        I 

•  Totus  intra. 

63 

2 

Sphsram. 

54 

It  is  CO  be  obferved  that  the  Scale  of  their  Thermometer  runs  down- 
wards from  fome  Point  above,  down  towards  the  Ball,  But  the  Ball^ 
or  the  Bottom  of  the  Stalk,  being  a  certain  Place  that  ail  Thermo- 
meters agree  in,  and  every  one  is  acquainted  with,  I  therefore  make 
the  Degrees  of  the  Scale  of  my  Thermoiiieters  to  begin  at  the  Top 
of  the  Ball,  or  (which  is  all  one)  at  the  Bottom  of  the  little  Tube, 
or  Stalk,  and  fo  reckon  upwards ;  every  Degree  being  one  Tenth  of  an 
Engltjb  Inch  ;  the  Freezing-Poinf  in  my  old  Thermometer  (here  noted) 
at  82  ^.  equal  to  8  Inches  two  Tenths  from  the  Ball ;  and  the  moft 
intenfe  Cold  at  44  gr.  But  in  my  later  Thermometers  Cwhich  I  now  ufe, 
and  are  much  nicer  than  my  old  one)  the  Freezing- Poinf  is  at  100  gr. 
ten  Engli/b  Inches  from  the  Ball,  and  the  molt  inlenfe  Frofi  near  to,  or 
juft  in  the  Ball. 

It  may  from  the  foregoing  Table  be  perceived,  that  the  Froft  kept  a 
pretty  equal  Pace  in  both  Places  at  its  Beginning.  And  my  Notes  give 
me  Reafon  to  think  it  did  the  fame  the  greateft  Part  of  its  Duration : 
But  I  cannot  be  Very  fure  thereof,  my  old  Thermometer  (the  only  one 
I  then  had)  happening  to  be  broke  on  Jamary  1 1.  For  which  Reafon 
I  am  unable  to  give  fuch  another  Thermometrical  Table  of  his  next 
Period)  as  I  have  done  in  this. 

This  third  Period  he  makes  to  end  Jamuny  \  ^^  q'  f  J  wkh  a 

Wefterly  Wind,  and  a  Thaw,  which  held  for  a  few  Days.  With  us 
the  Wind  was  Southerly  at  the  fame  Time,  and  a  Thaw  accompany'? 
ing  it  for  a  few  Days  likewife. 

The  fourth  Period  he  begins  January  { ^i  ^'  J-  J  in  which  I  ob- 

ferve  there  is  a  great  Agreement  between  our  Obfervadons  as  to 
the  Cold;  and  thofe  Days  on  which  he  noteth  the  Wefterly  Winds 

to 


to  have'beeh  ftrong,  it  was  the  ftme  here.  And  fpnie  A^ft'efeeht  al- 
fo,  but  lefs,  is  in  the  coafting  and  ftiifting  'of  the  Winds  thfdiighbut 
this  Period. 

The    fifth    and    hft    Period     he     placeth     between    February 

Yl  and  Marsh  {   'J  ^-  ^-  J  In  this,  he  fays  the  cold  Weather 

returned,  and  continued  long :  And  the  fame  it  did  with  us.  iBiit  as 
to  the  End  of  this  Period,  I  find  fonic  Difference,  and  fome  Agree- 
ment between  our  Obfcrvations.  The  Snow  was  more  with  them  than 
us ;  the  Winds  changed  with  us  from  the  Eafterly  Points,  to  the  We- 
fterly  and  Southerly,  a  Day  or  two  fooner  tlun  with, them-,  thert 
kgreed  with  them  -,  and  foon  after  veer'd  aboiit  to  the  Eafterly  and 
Northerly,  as  it  did  with  them.  And  I  obferve,  that  when  the  Winds 
agreed  in  both  Places,  my  Notes  Ihew  the  Wind  to  have  been  of  fomc 
Force  here. 

As  to  the  Warmth  of  the  Weather  all  this  time,  I  find  a  pretty 
deal  of  Agreement;  only    as  the  Wind  changed  two  Days  lbo;ier 
here,  fo  we  had  the  mild  Weather,  he  mentions,  two  Days  iboner !  . 
Then    it  grew  colder  here,  as  he  faith  it  did    with    them.      And 

whereas  he  noteth  April  \Iqs\  ^  *^^^  ''^^  ^c  firft  Day  ort 

which  the  Spirits  fofe  to  the  Point  of  Warmth,  I  found  by  my 
Thermometer  the  Day  before  to  have  been  as  warm  as  that,  as  alfo 
were  the  following  Days  \  and  each  6F  them  warmer  than  had  been  alt 
the  preceding  Winter ;  but  yet  that' we  had  divers  warm  Days  before 
that  Time,  particularly  March  12,  13,  14,  18,  19,  28.  0.  5.  were 
warm  Days,  but  the  neit  in  that  Month  f6r'£he  riioft  part.cold. 

The  Waters  were  the  firft  Thing  that  felt  the  dire  Effefts  of  this  The  EffcAs 
Froft.     And  thcfe  were  in  Hiany  Places  frozen  to  ah   extraordinary  e/"  ^^^  ^roft 
Depth ;  although  I  hardly  believe  to  that  i)epth,  as  in  the  lx)ng  Froft  ""^  ^^"*^'* 
in  16^83.    Of  which  Froft  we  have  a  fliflicient  Inftance  in  our  River  of 
Thames  5  whofc  Waters  were  fo  frozen,  that  above  Bridge,  'tis  well 
known,  many  Booths  were  erefted.  Fires  made,  and  Meat  drefsM ;  and 
€>n  January  10.  i68|,  I  faw  a  Coach  and  two  Horfes  drive  over  the 
River  into  Soutbwarkj  and  back  again,  a  great  Number  of  People  ac- 
cotnpanying  it.    But  this  laft  Winter  the  Cafe  was  greatly  different,  ac- 
cording to  the  Account!  receiv*d  from  Mr.  Lxnvthorp^  who  fays,  *•  He 
••  faw  feveral  People  crofs  the  Thames  at  fome  Diftance  above  the 
••  Bridge :  But  that  V^ras  only  towards  Low-water,  when  the  great 
**  Flakes  of  ^ce  that  came  down,  ftopp*d  one  another  at  the  Bridge, 
•*  till  they  taade  one  continued  Bed  of  Ice  from  thence  almoft  to  the 
*•  Temple.    But  when  the  Fldod  came,  the  Ice  broke,  and  was  all  car-  ^ 
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^^  ricd  wh-thc  Current  up  the  Riven    I  was  told  the  like  luppecied 
•*  htC^etnfFeftminfter  and  Lambetb^  a  little  above  Wbitebatt. 

As  for  other  Waters,  they  alfo  had  their  Share ;  efpccially  where 
they  lay  cxpofed  to  the  Northerly  and  North  Eaftcrly  Winds.  TTie 
Sea-waters  were  cover'd  with  Ice  in  many  Places  near  the  Shore,  ia 
Harbours,  and  where  they  lay  calm  and  ftill.  Of  this  I  have  already 
given  a  |)regnant  Inftance  in  the  Harbour  of  Copenbagenj  and  the  Sea 
between  Denmark  and  Scbonen.  And  in  a  Letter  from  Dr.  Newian^  he 
tells  me,  "  The  Sea  was  frozen  both  on  the  Coaft  of  Genoa  and  Leg- 
*'  born. 

As  for  the  Northern  Parts  of  Germany^  the  laft  cited  Diflerudoa 
gives  this  Account  of  its  EfFefts  on  Fluids :  IVater  was  frozen  inic  Ice 
beyond  tbe  ufual  Depibj  and  otber  Liquids  appeared  to  be  congealed^  which  in 
Midft  of  Winter  are  tbougbt  to  be  out  of  Danger  of  freezing.  A  FounSmm 
in  a  certain  Village  of  Silefia,  V)bicb  tbo*  at  otter  times  was  found  to  be 
eool  in  Summer  and  warm  in  Winter ^  yet  this  Winter  it  was  covered  mith 
petty  tbick  Ice^  to  ibe  great  Wonder  of  every  one.  Tbe  publick  News 
bave  fometimes  told  us  of  bot  Batbs  converted  into  Ice.     Tbo*  this  cannot 

happen  to  tbofe  that  are  very  bot at  Hall  wefaw  Iceicles  adhere  to  tbe^ 

Salt  Fountains 9  wbicb  is  reported  not  to  have  happened  for  an  j^e.     D. 
Breynius  affures  me  by  Letter^  that  tbe  Sea  itfelf  was  covered  with  Ice  n 
tbe  Stb  tf/ April,  as  far  as  bis  Eye  could  reach.    He  expofed  a  Lixivktm 
to  tbe  Air^  wbicb  bdd  been  plentifully  impregnated  vAtb  Pot-aftt^  which  by 
tbofe  who  bad  ufed  it  for  many  Tears  was  affirmed  never  to  freeze  ;  yet  in  a 
Jhort  time  it  was  found  converted  into  Ice.    He  adds^  that  a  certain  Friend 
of  bis  bad  obferved,  tbat  a  depblegmated  Spirit  of  Tartar  bad  froze.     Tbe 
Obfervations  of  HaHl  relate^  tbat.  Spittle  hardly  difmifs*d  from  a  Masfs 
Mouth  became  Ice.    The  Rivers  were  froze  thrice^  even  tbofe  which  for 
ibeir  Rapidity  were  always  Proof  againft  freezing.    Thus  for  D.  Renats^ 
Thefe  EfFefts,  I  am  apt  to  think,  the  Waters  felt  not  only  in  £^f- 
land^  Denmarkj  G&many^  France  and  Italy  \  but  in  all  the  Northern 
World  alfo,  excepting  Scotland^  Ireland^  and  probably  fome  other  Iflands^ 
or  Places  near  the  Sea;  altho*  even  fome  ot  thefe  appear  from  chefcie- 
going  Account  to  have  been  great  Sufferers  too.    This  Univerlality  of 
the  Froft,  I  fufpeft  from  the  Multitudes  of  divers  kinds  of  Birds  (ut* 
ter  Strangers  to  thefe  Parts,  and  many  of  them  Inhabitants  of  the  Nor- 
thern colder  Countries)  which  were  feen  and  kilPd  in  many  Parts  of 
England.  In  our  Effex-MarfbeSy  we  had  many  wild  Swans,  Brent-Geefe^ 
many  of  the  rarer  Gull-kind,  and  divers  other  forts  of  Birds,  utter 
Strangers  to  thefe  Parts.     Mn  Sellers  gave  Dr.  Woodward  this  follow- 
ing Catalogue  of  Birds  kill'd  within  four  or  five  Miles  of  Coin  St.  Aid- 
winSy  or  Edwins^  in  GhucefierfhirCy  between  ^  the  Beginning  of  He^oew^ 
her^  and  the  latter  End  of  March  ^708,  which  he  faith  are  never  found 
there  in  moderate  Winters. 


Tie  tffe&s  of  the  Frofi.  i.I^ 

I.  Lamns  einereus  major^  the  greateft  Butcher-Bird^  or  Mattagefsv 
Ibmetimes  fccn  in  Dirbyjbtre^  but  commonly  in  Germanfy  as  Mr.  If^it^ 
i9ugbby  faith.  2.  Fringtlla  montana^  the  Brambling.  3.  Numenius^five 
Arfuata^  the  Curlew.  Thefe  Birds,  though  Strangers  to  the  inland 
Farts,  I  have  feen  common  enough  on  the  Sea-coafts  of  EJfex :  And 
Dr.  H^oodwari  fays,  he  faw  them  fcveral  Times  this  laft  Winter  at  the 
PwUerers  in  London.  4.  Gallinula  Etytbropus  maj^^  the  Red-fhank, 
or  Pool-Snipe.  5.  Gallinula  Hypoleucos  Gefneri^  the  Sand-piper.  6. 
Scb^cloSj  the  Stint.  7.  Corvus  aquaticus  minor jjhe  Gracuku  Palmipes^ 
the  Shag.  8.  Merganfer^  the  Goofandcr.  9.  Mergus  cirraius  longi-^ 
rojier^  the  Dun-diver.  10.  Mergus  major  cirratus^  the  Smew,  or  white 
Nun.  II.  Colymbus  majoTy  the  Greater  Loon.  12.  Larus  major ^  thd 
Greater  Gull.  13.  Cygnusferus^  the  Elk,  or  Hooper,  or  wild  Swan. 
14.  Brenta^  the  Brent-Goofe.  15.  Anas  niger  Aldrovandi\(t\Aom  ken 
in  Englandj  but  frequent  in  Norwaj^.  16.  Tadoma^  the  Shell-Drake,, 
or  Burrough-Duck.  1 7.  Anas  Fuligula* prima  Gejherij  the  Tufted-Duck. 
18.  Anas  fira  fufca  Gefneriy  Penelops  Vetemm^  the  Poker.  19.  Anas 
Platyrbyncbos  mas  Aldrov.  the  Golden-Eye.  20.  Anas  Platyrbjncbos 
roftro  nigra  6?  plano^  the  Cadwall. 

In  the  Diflertadon  before-cited^  we  are  told,  how  Animals  fuffcred  ^'^' e/* '*f 
.both  with  them,  and  in  odier  Places ;  •*  That  the  Frefh- water  Fijb  were  ^ "^  ^^ 
•*  every  where  killM  in  their  Parts,  and  that  a  vaft  Deftrudion  befel  ^^**^ 
•*  thtir /mall  Birds.  Both  which,  he  is  informed,  happened  inhi$  own 
^*  Country  alfo  at  Danizick.  Nay,  fome  did  not  fticlc  to  affirm,  that 
*^  they  faw  Birds,  as  they  flew  along,  drop  down  out  of  the  Air,  their 
**  Strength  failing :  That  the  Lufatia  Letters  faid,  many  Cows  were 
••  frozen  to  Death  in  their  Stalls.  And  many  Travellers  on  the  Road 
•*  were  fome  quite  frozen  to  Death,  others  loft  their  Hands,  Feet, 
**  Nofes  or  Ears  \  and  others  fainted,  and  were  in  great  Danger  of  Life 
**  or  Limb,  when  bfoyght  too  foon  near  the  Firar  Of  thefe  Particu- 
•*  iars,  he  gives  divers  Inftances  from  their  News  Papers  5  of  two 
*^  Gentlemen,  and  a  Smith  in  England,^  and  above  60  Men,  and  many 
•*  Cattle  near  Paris  5  and  the  like  at  Venict^  and  80  French  Soldiers 
•*  near  Namur^  all  killM  on  the  Road,  with  the  CoW.'*  Whether  any 
fuch  Perfons  perifhed  on  our  Roads  in  Et^landj  I  have  not  heard :  But 
we  were  told  of  fome  that  did  •,  particularly  fome  Poft-Boys,  and,  I 
think,  fome  Drovers.  Our  Frefti-water  Filh  were,  many  of  them,  de- 
ilroyed,  in  Ponds  that  were  (hallow,  and  efpecially  if  long  frozen 
over ;  fome  for  want  of  Air,  where  the  Ponds  were  not  kept  open ;  and 
fome  with  the  cold  Air  at  the  Holes  in  the  Ice,  where  in  great  Num-» 
bers  they  came  to  get  Breath.  On  the  Italian  Coaft  fome  of  our  ^^  Ma- 
*•  riners  on  Board  our  Men  of  War,  died  of  the  Cold ;  and  feveral  loft  [ 
**  Parts  of  their  FingtFS  and  Toes :  As  Dr,  Newton  informs  me, 
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But  the  grautefb  SuflFerer^-  in  the  Anicnal-Ki^igdoqiH  if^tc^  Birds  and 
Ir^e^s.  R^in  Rjidbreafts^rvhXch  before  the  FroCt  \fqfc  qufp^QM^s  aris 
fifice  that  very  fcarce  about  us  ;  and  notwithftafKliDg^  thar  Rjocrui^s  in 
the  following  Summer,  yet  even  ftill,  in  this  fpcce^yliitg  Winter^  their 
Scarcity  remains^     Larksy  both.  Wopd  and  Sbf^lfarkf^  hf^s^py^  ip'a  Nfiui-' 
ner.  Rarities  in  our  Country  the  following  Spring  and.  SqiQia^. ;   nor 
are  they  as  yet  become  fo  nupierous  as  heretofore.     Qut  ^jietber,  this 
was  an  univerfal  Calamity  that  befei  that  Family  of  fmaU  Vvds^,  or 
whether  it  only  happened  to  our  Effex-Larju ;  or.whether  they  w«rc  not 
driven  from  thefe  Parts  by  the  Froft,  I  cannot  fay;  becaufe  I   have 
been  told,  that  in  fome  other  Counties  of  England^  which  s^un^  in 
large  common  ploughed  Fields,  and  where  Larks  are  commonly  more 
numerous  than  about  us,  thqy  have  had  large  Flights  of  Larks  this 
prefent  Winter  i7ot%.     B^t  I  have  enquired  of  the  Lofukm  Poultprers^ 
and  thev  tell  me,  they  haye  Larks  frpm  almoft  all  Part^  of  Efigland^ 
.and  hav^  not  this  ifollowing  Year  received  a  Quarter,  fcarce  a  tench 
JPart,  of  tl^e  Larks  they  mfed  to  have  j  by  reafon  the  Fro(t  kjIPd  tfaens, 
as  the  BirdrCatchers  fay. 

In  the  InfeS'Triiej  1  have  particularly  obfcrvM  the.  Deaii-fFatcb  to 
Jbe  great  Sufferers ;  notwithftanding  that  Infed's  great  Precaution,  and 
Art,  to  fecure  itfelf  againft  the  hard  Weather,  in  dry  Places  within 
Doors,  un4er  downy  li^t  Duft,  6fr.  Few  of  them  appeared  the  fol- 
lowing Summer ;  and  in  Places  where  th^  uTed  in  Jufy  to  be  very  fo- 
norpqs  w;itH  their  ticking  Npife,  only  now  and  then  one  was  heund ; 
A  manifeft  Siga  of  their  being  either  kill'd,  or  rendered  lefs  fertile  and 
venereous. 

JEjfias  d/tbi  But  amon^  all  the  SufFcFers  by  the  Froft,  the  Vegitabks  wq^  the 
^ro/ton  Ve-  ixioft  univerlal }  few  of  the  tender  Sorts  efcaping.  About  us»  B^fs^ 
gctaWts.  Rofmaryy  q^preffis^  MyrtUs^  moft  of  the  PbiUyf;ui;^  even  Jtausfers^ 
among  Shrubs;  and  fjpiklwkiSy  CoUy-Fhwmj  ao4  a.grea^many  other 
Olitory  Plants,  fuSer'd  greatly.  By  Enquiries  made  on  Purpofe 
among  thje  London  GardmrSj  I  have  been  inform'd,  fome  of  them  have 
loft  to  the  Value  of  80/.  lopL  200/. 

But  the.mqft  exadfc  Accoynt  I  have  met.with,  is  from.  Mr.  Ja^  Babart 
of  the  Oxfprd  P^hyfick-Garden.  He  takes  Notice,  that  ihe  £>aaiages 
of  this  Frpft  do  not  come  up  to  thofe  in  1683  ^  which  Froft  being  of 
longer  Con|tinuance,  cleft  the  Oaks^  and  Bodies  of  the  Vimy  &c.  But 
in  the  lafl;  Froft  there  were,  Intervals  of  Relascation,  befides  feveral 
confiderable  Snows,  wJ:4ch  prov'd  a  good  Guard  to  many  Plants.  But 
the  Snow  melting,  and  tbq  Cold  withal  continuing^  prov'd  of  evil 
Confequenpe  to  many  bulbous  and  tuberous  Roots,  and  abundance  of 
other  Things,  *'  But  (hp  fay^)  the  iharp,  dry,  and  cutting  Winds 
^'  from  the  North,  a^ulNorth-Eaft,  were  4eftra<5i;ive  to  many>of  the 
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•*  Ornsments  of  our  Gardens,  which  Before  fcemMto  be  almoft 
^  naturalized  to  our  Glime  •,  as  Qfprefs^  Bays^  Rofematy^  Alaiemi^  PbU- 
**  lyrea\  Arbuti^  LauruftineSj  &c  a§  alfo  to  moft  of  our  frutefeent- 
^^  Herbs,  fuch  as  LavenderSj  jlbrotonums^  Rue^  ^yf^^  And  diviers  others 
^^  of  fuch  Race,  efpecially  fuch  as  had  their  Heads  above  the  kind 
••  Covering  of  the  ^now.  And  not  fqch  Expticks  only,  but  fomc 
**  of  our  own  Natives,  as  is  vifible  in  moft  of  our  Rirze-fields^ 
••  and  divers  Hollies^  efpecially  of  the  finer  ftrip'd  Race,  have  felt  the 
*•  Smart  of  the  Rigour  of  the  Seafon,  by  the  Lofs  of  their  Leaves, 
•*  and  fometimes  their  Lives. 

**  And  what  hath  been  more  obfervable  this  Year,  than  in  others^ 
•*  is  the  Sap  of  our  finer  mural  Fruit-Trees,  as  of  Peacbes^  Neikh 
••  rines^  AfricockSj  &c.  was  fo  congealM  and  diforder^d,  that  it  prov'd 
*^  ftagnated  in  the  Limbs  and  Branches,  and  equal,  to  Chill-blains  irt 
•*  Human  Bodies  •,  which,  in  too  many  Parts  of  the  Tree,  turn'd  to 
**  fo  frequent  Mortifications,  that  it  is  very  much  to  be  doubted,  whe- 
••  ther  fuffici^nt  Vigour  is  ever  to  be  expcfted  from  them,  to  be  worth 
*'  their  ftanding,  notwithftandihg  their  weak  Endeavours  of  ihoot- 
•*  ing. 

•*  And  it  is  no  lefs  obfervable,  that  the  very  Buds  in  thefc  finer 
•«  Trees,  as  well  Leaf-Buds,  Bloflbm-Buds,  (which  are  but  the  Ova- 
••  ries  of  the  fucceeding  Fruits)  were  quite  kill'^d,  and  dry*d  into  a  fa- 
**  rinaceous  Matter,  by  the  too  great  Sharpnefs  of  the  Cold,  befoce 
•*  they  grew  out,  though  Life  remained  in  the  Branch. 

"  The  Plumbs^  being  more  hardy,  produced  their  Bioilbms  well 
**  enough;  but  through  the  chilling 'Wets,  which  happened  too  plen- 
**  tiful  about  that  Time,  and  the  grqat  Defeft  of  nutritive  Warmth, 
*•  they  grew  weak  ;  with  their  little  Stalks,  or  Pedicles,  languifli- 
^^  ing,  and  turning  yellow,  generally  dropt  off,  and  came  to  no-* 
**  thing. 

•*  It  might  reafonably  have  been  fuppos'd,  that  iSbh  conjoined  Cold, 
"  with  repeated  Wets,  fhould  have  deftroyed  the  injurious  InfeSs^ 
**  which  ufually  infeft  the  firft  Produft ;  but  even  in  this  Year,  they 
•*  have  prov'd  vivid,  in  too  great  Plenty,  among  the  Afples  and  Pears 
•*  (efpecially  the  former)  whofe  Bloflbms,  as  well  as  Leaves,  have  been 
**  a  Pabulum  for  thefe  voracious  ErucaSj  whofe  Eggs  lay  dormant  all 
•*  the  Winter,  fo  dry  in  their  Bags,  that  there  were  fo  many  efcap'd 
**  from  being  frozen,  that  in  many  Places  they  prov'd  enough  to  de- 
*'  ftroy  the  whole  Verdure. 

**  Fig-Trees^  whofe  fofter  Texture  was  more  eafily  penetrated^  have 
**  fufftred  much,  moft  of  them  being  cut  down. 

**  Many  Exotick  Greens^  and  rare  Plants  coming  firom  Africa  and 
*S  other  warm  Regbns,  have  mightily  fufFered,  efpedally  in  fuch  Stoves 
*•  and  Confervatories  as  had  not  Fire  enough. 
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What  he  obfenreth  concerning  the  Deftniftion  K/tWhut^  was,  I  bo- 
lieve,  a  general  Calamity,  as  alfo  the  Particulars  he  takes  Nodoe  of 
much  the  fame  in  other  Places  too,  vix.  ^^  Where  the  Land  was  poor, 
*^  and  coldly  expofed,  there  the  Wheat  was  kill'd  ;  that  many  L^ids 
^  of  Wheat  efcaped  tolerably  well  on  the  warm  Side,  when  the  ocfaer 
<*  Side  was  quite  kill'd  with  the  Extremity  of  Cold. 

By  the  warm  and  cold  SideSj  I  fuppofe  our  Obferver  means  the  funny 
and  ihady  Sides.  But  with  us  the  Wheat  fufier'd  rather  more  on  the 
Southern,  funny  Side,  than  the  Northern ;  I  fuppofe  by  reaibn  the 
Ground  was  fomewhat  open*d  by  the  Sunlhine,  and  the  covering  of 
Snow  melted,  and  Way  thereby  made  to  the  Severity  of  the  noftur- 
nal  Froft.  Upon  which  Account  I  have  heard  it  faid  by  fome  Oblav 
vers^  that  V^eiabks  fuffered  more  the  lafi  ff^nierfrom  the  Smm^  tbam  the 
Froft. 

In  EJfex  alfo,  I  obferved  many  fmall  Fields  of  three  or  four  Acres  of 
Wheat,  to  efcape  pretty  well,  where  fenced  with  thick  high  Hedges 
againll  the  cold  Winds,  efpecially  where  they  were  covtr'd  long  with 
Snow  ;  at  lead  they  came  off  better  than  other  Parcels  of  Land  expoied 
to  the  Winds,  that  diflodgM  the  Snow,  and  aggravated  the  Cold  alfo. 
So  at  Upminftevj  the  beft  Pieces  of  Wheat  were  fuch,  I  obfcrv'd,  as 
lay  on  gentle  Defcents  facing  the  Weft  or  S.  W.  efpecially  when 
guarded  on  the  Eaftern  Side  with  a  Hill,  or  a  Wood  -,  which  fenced* 
off  the  cold  piercing  Eafterly  and  North  Eaftcrly  Winds. 

Not  only  Sbn^s  and  Plants^  but  the  larger  TreeSy  have  in  fome  Places 
had  their  Share  of  Suffering  too.  But  it  was  obfervM  by  fome  Per- 
fons  of  the  Society  t  that  the  Calamities  which  befel  Trees,  arofe  not 
purely  from  their  being  frozen,  but  principally  from  the  Winds 
fljiaking  and  xocking  them  at  the  fame  Time,  which  rent  and  parted 
their  Fibres. 

Thefe  have  been  fome  of  the  moft  remarkable  Effeds  of  the  Froft 
on  the  Vegetabks  o^he  more  Souiberfy  Parts  of  our  Ifland,  the  Nor- 
tbdrly  efcaping  better.  From  Edinburgh^  Sir  Rob.  Sibbald  fays,  •*  The 
^*  Com  did  not  rife,  and  ripen,  fo  foon  as  wont;  but  there  hath  been 
**  a  plentiful  Harveft,  well  brought  into  the  Barns  and  Yards.  And 
*^  the  Price  of  Victuals  (which  was  high)  falls  lower  daily.  There 
^^  was  no  greater  Number  of  thofe  who  died,  than  was  ufual  during 
**  the  Winter  formerly. 

As  to  other  Places,  I  find  the  Effedb  were,  in  the  more  Souther- 
ly Parts  of  Europe^  much  the  fame  on  their  Vegetables  as  on  ours. 
In  Ifaly  Dr.  Newton  faith^  *^  Almoft  all  the  Lemon  and  Orangt-TreeSj 
*'  with  thofe  of  the  like  Kind,  arc  deftroyed  in  this  Country  by  the 
•*  Froft,  and  a  great  many  Olive-Trees.  The  Leaves  of  the  Bay-Trees 
*^  have  the  fame  Colour  now,  as  all  others  have  when  they  are  fallii^ 
^^  in  OSoiin'  Befides  which,  there  are  two  other  Accidents  he  tem 
me  ofi   owing  probably  to  the  Froft.      One  happened   at  Florence^ 
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wheret  *V  on  the  fide  of  a  Hill  were  formerly  many  Buildings^ 
*^  which  twice  falling  down,  by  the  Earth  giving  way,  a  Wall  was 
•'  erefted  in  the  Time  of  this  Great  Duke's  Grandfather,  with  an  In* 
^*  fcription  on  the  Wall,  which  feparates  the  Ground  from  the  next 
"  Street,  that  for  the  future  no  Pmon  Ihould  build  there.  After  the 
«  Great  Froft^  this  Wall  hath  fallen  down  too.  The  Hill  is  full  of 
^^  Stones,  and  they  will  have  it,  that  as  thofe  increafe,  the  Ground  is 
^^  pufh'd  forward,  and  thereby  thrown  down/'  But  I  am  apt  to  think,, 
the  Frofl  might  luive  a  great  Cdncern  herein. 

The  other  Accident  was  at  P(/i,  "  where,,  upon  the  melting  of  the 
*^  Snows,  and  the  great  Rains  which  fell  after  the  Froft,  altho'  the  Am9 
•'  did  not  fwdl  over  the  Banks  at  Pr/i,  yet  the  Water  at  fome  Diftance 
**  from  the  River,  in  a  middle  Row  of  Houfes  betwixt  the  River  and 
•*  the  great  Street  on  the  Northfide,  with:  great  Violence  broke  out,^  and 
•*  if  it  had  not  been  immediately  perceived,,  and  the  Bf^each  ftopp'd  by 
•*  the  throwing  in  of  a  great  X^uantity  of  Ehicks  and  Timber,,  that  Part 
**  of  the  Town  might  have  been  in  Danger  of  being  drowned,  where 
^*  thtPdace^  and  the  PuHick-ScboolSy,  or  (as  they  call  it)  xiitSapienza' 
•^ftand. 

Dr.  Mich,  jhgek  fUly  tcUs  me  from  Pifa^  ^  That  the  Froft  hath  de^ 
•*  flroy'd  a  World  of  Trees  both  in  City  and  Country  about  them. 

In  SwUzerlanij  among  the  high  Alpim  Ridges,  they  felt  dire  Eiifeds, 
of  the  Froft;  yet  fome  Places  efcap'd.  Of  which  Dr.  Woodward  im- 
parted to  me  the  following  Account  from  Mr.  John  Scbeucbzer^  "  Some 
•*  Places  that  were  defended  towards  the  North  by  very  high  Moun* 
•*  tains,  did  not  feel  thofe  dreadful  EflFtfts,  which  our  Trees  fufl5er*dlaft. 
•*  Winter,  efpecially  our  Walnut- trees,  anid  Vines.  At  Vefena  near  the 
•*  Lake  Rivarius^  the  Trees  and  Vines  fufFer*d  no  Damage,  fo  that  the 
••Vintage  is  good  there,,  but  we  have  none.  The  Walnut-trees 
*•  were  loaded  with  Fruit,  and  other  Trees  likewifc^  if  they  had  growa 
•*  in  a  Climate  different  from  their  Neighbours.  The  Village  Vetiis  is 
••  fituate  at  the  Bottom  of  Galandaj  a  very  high  Mountain  on  the  Con- 
•*  fines  of  the  Grifons.  The  Inhabitants  of  this  aflure  us,  that  they  hard- 
•*  ly  ever  knew  a  milder  Winter ;  when  on  the  contrary  the  Inhabitants 
**  of  the  next  Village  Valentia^  lying  near  the  Fabarian  Baths,  were  mucb 
••  afraid  left  all  the  Fenians  fhould  perifh  with  Cold,  all  Intercourfe  be- 
•*  tween  them  being  intercepted  by  the  hard  Weather.  Alfo  the  Woods 
*•  which  were  expos'-d  to  the  North  Wind„  which  were  planted  with 
*«  hardy  Trecs>  fuch  as  Firs,  Yew-trees,  and  Larch-trees,  became  burnt 
**  up,^  rufty,  and  ftript  of  their  Leaves. 

As  to  the  Northerly  Parts  of  Gnmattf^  the  Cafe  was  there  after  the 
manner  it  was  with  us ;  as  Mr.  Remus  informs  us.  ^^  The  cold  Wea- 
**  ther  deftroy'd  the  Trees  and  Shrubs  in  great  Numbers,  efpecially  fuch 
^  as  appeared  above  the  Surface  of  the  Snow.  The  Cherry-trees,  Apple- 
f ^  treeSf  and  Flumb^^tfees  defpifed  the  Severity  of  the  Winter.    Ouc 
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t?4  ^r'Caufes  ^fihe  l^fsfi. 

"  PreRdcnt  (Dr.  Wtifius)  apply'd  many  Particles  of  'the  Bbu^hs  «>  hfe 
,  ••  Microfcopc  in  the  Month  of  Marcb^  but  could  ttOt  J)er^d^  that  ady 

•'  thing  was  wanting 'to  the  Intlrencfe  and  TurgidAefs  bi  the  Fibres. 
1  ^«  There  werePlchty  of  ^BloflTonys  on  theChefry-trees,  ftw  on  the  At>pre- 

**  trees,  f^c.    The  Almonds,  PdacKes,  4nd  Apricddcs,  of  ii^hativer  fort 
"  they  were,  very  rarely  cfrtiped.  The  Pears  fuflfer'ci  mdch.  SUch  Vines 
**  were  prefefved,  as  were  coverM  by  thc^Earth,  ahd 'thereby  (ccured 
j  **  from  the  Cold  ;  but  fuch  as  W^re  rieglefted  and  not  fafficiently  dfe- 

I  **  fended  were  all  loft.     This  we  Taw,  and  were  inform'd  of  It  by  the 

**  News.  Bnt'we  (hall  relate  what  the  Prcfident  took  noticfe  of.  When 
**  we  could  vifit  our  Gardens  foon  after  the  Equinox,  the  Sn<f^  being 
"  melted  and  the  Ice  thawed ;  the  Bark,  tfic  ^ood,  and  the  Pith  of 
"•^  fuch  Trees  as  had  been  fpoiled  by  the  Froft,  efpecially  the  Pears  and 
**  the  Apricocks,  were  grown  black,  fo  that  many  puU'd  them  up. 
**  When  we  apply*d  to  our  Microfcopes  fome  Pieces  of  fuch  Boughs 
**  as  had  grown  the  laft  Summcr>  we  found  the  little  Fibrils  x6m  zs  if 
•«  the  Wood  had  been  rotten.  But  in  other 'P^rts  of  the  Branches  no 
**  fuch  Difruption  was  obferved,  only  there  was  no  Greennefs  or  Sap. 
■•*  For  as  about,  the  middle  of  April  the  Trees  were  cherifli'd  by  the 
**  Heat  of  the  Sun,  in  the  Apricock  Trees  many  new  Buds  put  forth 
**  from  the  old  Wood,  and  in  fome  from  the  younger  Wood,  whert 
**  the  'Bloflbms  ought  to  grow  5  in  fome  there  was  no  Succor.  In  rfic 
**  Pears  all  the  Buds  put  out,  and  Blollbms  grew  5  yet  not  fo  vigorous 
^*  as  ufual,  and  leaving  no  Rudiments  of  Fruit.  At  that  Time  the 
**TBartc  pbtainM  its  full  Greennefs,  blacker  proceeded  from  the  Ccnt^ 
**  of  the  Pith  towards  the  outlide,  the  Sublfcmce  of  the  Wood  recovered 
**  its  Whitenefs.  The  Fibrils  of  the  new  Year  were  black  (till,  yet 
^'  when  feen  through  a  Midrofco^  they  fi^m-d  to  abound  with  &p, 
**  not  otherwife  than  the  lame  Fibrils  of  theChe¥ry-trec  or  Apple-tree» 
«  which  the  Froftliad  left  iintouch'd.  The  Pith  under  the  Buds  w& 
*^  tinged  with  an  unufual  Blacknefs,  yet  the  Root  of  the  Bud,  when 
**  pufb'd  on  into  a  Succor,  appeared  through  the  Microfcope  to  be  Very 
**  green  and  turgid.  Now  it  is  very  remarkable,  that  as  the  Froft  had 
^*  (pared  the  Plumbs,  fo  it  alfo  fpared  the  Buds  of  the  Apricocks,  that 
**  yirtrt  grafted  into  the  -Bark  of  the  Succors  of  the  Plumbs,  which  now 
^^  grew  up  into  tall  Leaves  according  to  Trees  of  its  Kind,  in  which  die 
*'  Froft  lad  not  fpared  fo  nnich  as  one  Bud. 

As  to  the  Caufes  of  this  Great  Froft,  thdy  are,  I  confefs,  to  me  lb 
very  much  hidden,  that  I  intended  wholly  to  have  pafs*d  over  thac 
Matter.  But  Mr.  Remus  having  ingenioufty  enquir'd  into  them,  I  fliaD 
briefly  give  his  Opinion. 
^iXiimfaDf  The  Fouiftain  of  Heat  enjoyed  by  the  l&rth,  being  the  Sun,  and 
/^  Froft.  that  Heat  being  not  always  the  fame,  hfe  enquires  into  the  KeAkk 
why  it  is  not  fo.  The  Variation  of  this  -inutual  Diftance  betwem 
the  Earth  and  SUn  at  the  Apogee  and  Perig^;  lEhe  MuCuadoo  of 
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the  EartVs  Place  in  Refpeft  of  the  Heavens,  or  its  being  juftlcd 
at  a.  greater  Diftance  from  the  Syn,  and  the  Obftruftion  of  the  So-  . 
lar  Rays  by  the  Spots  oh  the  Sun,  he .  rejefts.  And  as  to  the  true 
Caufes,  having  aflign*d  good  Philofophical  Reafons  for  the  perpen- 
diculir  warming  more  than  the  oblique  Rays,  for  the  Wind  cooling 
the  Air,,  and  the  North  and  Eaft  more  than  other  Winds,  ^c.  he 
then  enuhierates  his  Caufes  in  thefe  Words  :  On  the  Sutfs  Part  is  r^- 
fuired  a  very  great  Diftance  from  the  Zenith^  and  a  /mall  Continuance  abovb 
the  Horizon.  On  the  Earth* s  Part  is  required  an  Atmofpbere  full  of  Ex- 
balattonsy  and  abounding  with  Clouds :  Alfo  Eafterfy  and  Northerly  ff^ndsj . 
and^fpecially  violent  ones.  But  what  is  mcjft  of  all  necejfary^  that  the  Ac- 
lion  of  the  Sunjbbuld  be  hindered  for  a  long  Timey  chiefly  then  ivhen  the 
Caufes  of  the  Froft  concur. 

Having  afligncd  his  Caufes,  he  applies  them  to  his  five  Periods,  and 
the  more  remarkable  Accidents  that  happened  in  them. 
^  But  after  all,. there  are  fome  other  more  hidden  extraordinary  Caufes, 
that  he  hath  not  reach'd.  For  we  have  all  his  Caufes  very  commonly 
concurring  in  other  Winters,  without  the  fame  EfFefts  as  in  the  laft. 
This  prefent,  next  fucceeding  Winter  17^,  we  have  liad  (befides  what 
is  common  to  all  Winters,  the  Obliquity  of  the  Sun's  Rays,  &c.) 
the  Winds  as  much  ^^orthcrly  and  Eafterly,  and  as  ftrong-,  and  ai 
much  dark  Weather ;  and  ail  concurring  too  together,  as  happen'd 
during  the  Great  Froft :  And  yet  no  more  than  ordinary  fevere 
Weather. 

But  as  to  mifty,  cloudy,  dark  Weather,  which  he  reckons  among 
his  principal  Caufes,  I  am  fo  far  from  thinking  it  a  Caufe,  that  I  ra- 
ther take  it  to  be  the  Reafon  we  have  not  more  frequent  fevere  Froft.;, 
at  Icaft  in  our  Ifland  Places,  furroupded  by  the  warm  Vapours  of  the 
Sea,  Clouds  and  Vapours  do  indeed  intercept,  and  keep  off  the  Sun- 
beams ;  and  probably  imbibe  and  retain  a  great  deal  of  Warmth  them- 
felves  ;  nay,  perhaps  they  may  (as  he  faith)  refle#  back  fome  of  the 
Sun-rays :  But  we  conftantly  in  Winter  find,  that  the  fewer  the  Ex- 
halations are,  and  the  clearer  the  Air,  and  after  the  Warmth  of  the 
Sun  by  Day,  the  fliarper  the  Froft  is  at  Night. 

I  do  not  pretend  to  aflign  Caufes  ;  yet  thus  much  fccms  to  me  rca- 
fonable :  That  the  great  Mint  of  Meteors  being  the  fuperior  Regions 
of  the  Air,  and  the  Source  of  Exhalations  being  the  Terraqueous- 
Globe,  in  thofe  two  Places  we  are  to  feek  for  the  farther,  and  more 
grand  Caufes  of  the  late  Froft.  And  in  the  fourteen  and  more  Years 
Obfervations  I  have  made  of  the  Weather,  fcff .  I  have  found  a  great  * 
deal  to  be  attributed  to  the  IncrAfes  and  Decreafes  of  the  Cold  of  the 
upper  Regions,  as  alfo  to  the  inner  Difpofitions  of  our  Globe,  at  leaft 
to  the  greater  or  Icfs  Plenty  of  Vapours  and  Exhalations.  But  not  as 
yet  having  Obfervations  cndugh  to  clear  and  demonftrate  my  Hypo- 
thefis,  I  (hali  defer  what  I  might  have  faid. 

Vol.  IV.     Part  II.  4H  XVIIi. 
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^fesis  of  XVUL  I.)  Strange  were  the  Effcdts  ojf  the  Thunder  uA  Lig^ttiiirtg 
L?rtJfn  ^  ^^*^*^  happcnM  at  Mrs.  aofe's  Houfe  at  New-Forge  in  the  County  of 
Ireland  "^f«w-  -D^«wf  in  Irelandy  on  the  9/ifr  of  A^.  i707«  I  waited  on  her  about  a 
municaledly  Fortnight  after  to  infprm  myfelf  of  the  Particulars.  She  told,  that 
S.  Molyncux,  the  whole  Day  was  clofe,  hot,  and  fultry,  little  or  no  Wind  ftirring 
iy^;n.  313.  till  towards  the  Evening;  that  there  was  a  fmall  Breeze  with  fomc 
^"  ^  ■  milling  Rain,  which  laftcd  about  an  Hour  ;  that  as  the  Air  darken'd 

after  Sun-fet,  flie  faw  fcvcral  faint  Flafhes  of  Lightning,  a^d  heard 
fome  Thunder-claps,  as  at  a  Diftance -,  th^  between  10  and  11  of  the 
Clock,  both  were  very  violent  and  terribly,  and  fo  increafed  and  came 
on  more  frequent  till  a  little  before  12  pf  the  Clock  ;  that  one  Flafli 
of  Lightning,  and  one  Clap  of  Thunder  came  both  at  ike  fame  Time 
louder  and  more  dreadful  than  all  the  reft,  which,  as  (be  thought, 
fhook  and  inflamed  the  whole  Houfe  ;  and  being  fealible  at  that  In- 
ftant  of  a  violent  ftrong  fulphureous  Smell  in  her  Chamber,  which  ibt 
did  not  perceive  before,  and  feeling  a  thick  grofs  Duft  falling  on  her 
I  lands  and  Face  as  fhe  lay  in  Bed,  flie  concluded  that  Part  of  her 
Houfe  was  thrown  down  by  the  Thunder,  or  fet  oh  Fire  by  tbe 
Lightning  ;  that  arifing^  and  calling  for  Candles,  fhe  found  her  Bed- 
chamber full  of  Smoak  and  Duft,  as  alfo  the  Kitchen  that  was  be- 
neath it :  The  reft  of  the  Houfe  being  fafe,  fhe  only  obferv'd  the 
Looking-glafs,  that  hung  in  her  Chamber  to  be  broken. 

The  next  Day  (he  found,  upon  further  Search  and  Enquiry,  that 
Part  of  the  Top  or  Cornifh  of  the  Chimney,  which  ftood  without 
that  Gable'-end  of  the  Houfe  where  her  Chamber  was,  was  ftruck  oflf ; 
that  Part  of  the  Copeing  of  the  Splay  of  the  Gable-end  itfelf  was 
broken  down,  and  the  Shingles  on  the  Roof  adjoining  thereto  (to  the 
Number  pf  12  or  16)  were  raifed  or  ruffled,  but  none  fhatt^r'd  or 
carry'd  away  ;  that  Part  of  the  Ceiling  in  her  Chamber  beneath  thofe 
Shingles  was  forc'd^down,  and  Part  of  the  Plaifter  and  Pinning-ftones 
of  the  adjoining  Wall,  was  alfo  brokefi*  pff  and  loofcnM,  (the  whok 
Breach  16  or  20  Inches  abroad.)  That  at  this  Place  there  was  left  on 
the  Wall  a  fmutted  Scar  or  Trace,  as  if  made  black  by  the  Smoak 
of  a  Candle,  which  was  direfted  downwards  towards  another  Place 
on  the  fame  Wall  whereon  a  Breach  was  alfo  made  as  the  former,  and 
of  the  fame  Dimenfions,  Part  of  which  was  behind  the  Place  where 
the  Looking-glafs  did  hang  ;  that  the  Boards  on  the  Back^of  a  lazge 
Hair-Trunk  full  of  Table  and  other  Linnen,  ftahding  beneath  the 
Looking-glafs,  were  forc'd  in,  and  fplinter'd  as  if  by  the  Blow  of 
a  Smith's  Sledge  ;  that  two  Parts  of*  three  of  the  Linnen  within  this 
Trunk  were  pierced  or  cut  through,  the  Cut  appearing  of  a  Qua- 
drangular Figure,  and  Wween  two  or  three  Inches  over;  that  the 
End  of  the  Trunk  was  likewife  forc'd  out,  as  the  Back  was  drove 
in ;  that  at  about  two  Feet  diftance  from  the  End  of  this  Trunk 

(where 
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(wba^  the  Floor  and  the  Side- Wall  of  the  Houfe  joined)  there  was 
a  ftnall  Breach  made  in  the  Plailler,  where  a  fmall  Chink  or  CreVicc 
\  was  to  be  feen  between  the  fide  Board  of  the  Floor  and  the  Wall,  fo 
wide  as  that  a  Man  could  thruft  his  Finjgers  down  ;  and  that  juft  be- 
neath this  again»  in  the  Kitchen,  the  Cieling  was  forced  down,  and 
fome  of  the  Lime  or  Plaifter  of  the  Wall  broke  off;  that  exaftly  un- 
der this  again,  ftood  a  large  Tub  or  Veffel  of  Wood  inclofed  with  a 
Crib  made  of  Brick  and  Lime,  which  was  broke  and  fplinter'd 
all  to  Pieces,  and  moft  of  the  Brick  and  Lime^Work  about  it  forc'd 
and  fcatter*d  about  the  Kitchen. 

I  went  from  Place  to  Place,  viewing  each  Particular  i  and  as  I  found 
all  was  done  on  or  near  the  Gable-end  of  the  Houfe, -I  have  endea- 
voured to  explain  it  by  a  Draught,  wherein  the  feveral  Breaches  are  Fig.  21. 
diftmguifh'd  :  And  as  I  conceivM  all  to  be  effcfted  by  fome  irrefifti- 
ble  Body,  I  have  alfo  by  two  Parallel  Lines  traced  out  its  irregular  \ 
Motion. 

The  Looking-gjafs  was  broke  with  that  Violence,  that  there  was  not 
a  Piece  of  it  to  be  found  of  the  Largenefs  of  Half-a-Crown  :  Several 
Pieces  of  it  were  flicking  like  Hail-Ihot  in  the  Chamber-Door  (being 
of  Oak)  and  on  the  other  Side  of  the  Room  ;  feveral  of  the  Edges 
and  Corners  of  fome  of  the  Pieces,  of  the  broken  Glafs  were  tinged  of 
a  light  Flame  Colour,  as  if  heated   in  the  Fire  j  the  Curtaiqs  of  the 
Bed  were  cut  in  feveral  Pieces,  thought  to  be  done  by  the  Pieces  of 
the  Glafs  \  feveral  Pieces  of  Muflin   and  wearing  Linnen,  left  on  a 
Trunk, ^ were  thrown  and  fcatter'd  about  the  Room,  no  way  finged 
or  fcorched  ^  and  yet  the  Hair  on  the  Back  of  the  Trunk,  where  the 
Breach  was   made,  was  finged ;  the  uppermpflf  Part  of  the    Linnen 
within  the  Trunk  was  fafe  and  well,  and  the  lowermoft  Parcel,  con- 
lifting  of  350  odd  Ply  of  Linnpn*  pierced  through,  of  which,  none 
was  any  way  fmutted,  but  the  uppermbft  Ply  of.  a  Table-cloth  that 
lay  above  all  the  relt     She  told  me,  there  was  a  yellow  Singe  or  Stain 
perceivable  on  fome  Part  of  the  other  Linnen  fo  damag'd  the  next 
Day  5  and  the  whole  Linnen  fmellM  ftrong  of  Sulphur  j  but  neither 
this  yellow  Stain  or  Smell  was  perceivable  when  I  was  there :  That  the 
Glafs  of  two  Windows  in  the  Bed-Chamber  abpve>  and  two  Windows 
in  the  Kitchen  beneath,  was  fo  IhatterM,  that  there  was  fcarce  one 
yfhoit,  Pane  left  in  any  of  them  ;  that  the  Pewter,  Brafs,  and  Iron  Fur- 
niture in  the  Kitcheii  were  thrown  down,  and  fcatterM  about  the  Kit- 
chen, particularly  a  larige  Girdle  about  20  Pounds  Weight,  that  hung 
tjpon  an  Iron  Hook  near  the  Cieling,  was   found  lying  on  the  Floor : 
That  a  Cat  was  found  dead  the  next  Morning  in  the  Kitchen,  with  its 
XiCgs  cxjtended  as  in  a  going  Pofture,  in   the  J!<liddle  of  the  Floori 
wirii  no  other  Sign  of  being  hurt,  than  tTiat  the  Furr  was  finged  a 
little,  about  the  fetting  on  of  the  Tail. 

4  H  2  She 
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She  told  me  too,  that  about  fome  few  Days  before  diis  Accidoc 
happened,  Ihc  rcmov'd  a  Tabic  Prefs-Bed  from  the  Phcc  where  the 
Hair-Trunk  ftood^  wherein  two  little  Girls  (her  Daughters)  afed  to 
lie ;  which  (he  look'd  upon  as  a  particular  Piece  of  Providence. 

The  Wall  both  above  and  below  a  little  Window  in  the  Cunc  Gable- 
end,  was  fo  fhatter*d  at  the  fame  Time,  that  the  Light  could  be 
feen  through  the  Crevices  in  the  Wall ;  and  that  upon  a  large  Stone 
on  the  outfide  of  the  Wall  beneath  this  Window,  was  to  be  feen  a 
Mark,  as  if  made  by  the  5troke  of  a  Smith's  Sledge,  or  large  Iron 
Crow,  with  which  a  Splinter  or  Piece  of  the  Stone  was  broken  off 
of  fome  Pounds  Weight.  I  was  further  informed,  that  from  the 
Time  of  that  great  Thunder-clap,  both  the  Thunder  and  Lightnii^ 
tiiminifli'd  gradually,  fo  that  in  an  Hour's  Time  all  was  ftill  and  quiet 
Hgain. 

—  «/Ipfwjch  2.]  There  happenM  at  Ipfwicb  on  the  i6tb  of  July  1708,  a  moft 
^  A/r.  O.  violent  Storm  of  Thunder  and  Lightning  ;  it  began  about  Six  to  be 
nl^^^^tijl  perceived  at  fome  Diftance,  and  arofe  in  the  South- Weft.  I  was 
then  on  the  higheft  Eminence  about  this  Town,  whence  I  could 
plainly  diftinguiih  the  working  of  the  Storm :  The  Inftant  I  percchrM 
the  Flafli  (which  I  judg'd  to  be  about  four  Miles  diftant)  it  feem'd 
to  extend  itfelf  like  a  Bow,  and  caft  its  Light  a  confiderablc  Way 
round  it,  and  the  Shaft  of  Lightning  (if  I  may  fo  call  it)  did 
not  run  in  a  waving  angular  Figure,  as  ufual,  but  in  a  ftraight  Shaft 
of  Fire,  like  the  Fuze  of  a  Bomb,  direftly  from  the  Clou^  to  the 
Ground  ;  upon  which,  and  finding  the  Storm  approach,  I  hallen'd 
Home  i  and  foon  after,  we  had  two  or  three  prodigious  Flaihes  of 
Lightning,  and  the  Noife  of  the  Thunder  that  fucceeded  them  was  fe 
great,  and  caufed  fuch  an  Emotion  in  the  Air,  that  it  made  the 
Rooms  fliakc,  and  the  Windows  rattle,  as  in  a  great  Storm  of  Wind. 
Dr.  Dade  affur'd  me,  that  at  that  Time  the  Lightning  fecm*d  to  dwcU 
fome  confiderable  ,Space  on  the  Ground,  and  that  he  could  very  plain- 
ly feel  the  Heat  of  it  in  his  Face.  The  Paffagc-Boat  was  at  that  Time 
coming  from  Harwich^  and  juft  got  to  the  Town,  when  a  terrible 
Flafli  came,  which  killM  the  Mafter,  and  three  more  Perfons  that  were 
on  Board.  I  faw  one  of  them  the  nejct  Day  j  he  had  a  Wound  in  his 
Thigh,  his  Breaft  was  lacerated,  as  if  he  had  been  whipp'd  with  Wircs^ 
and  his  Face  and  Body  as  black,  as  if  he  had  been  blown*  up  wcith 
Gunpowder,  and  Thoufands  of  fmall  black  Spots  about  him.  The 
Matter  of  the  Veffcl  was  not  at  all  disfigured,  had  only  one  Wound 
on  his  Side,  like  a  frefh  Burn,  no  other  Mark  about  lum ;  the  Chain 
of  his  Watch  was  melted,  yet  no  Burn  could  be  perceived  on  his 
Breeches  or  Cloaths.  The  third  Pcrfon  was  very  much  torn  and  ih^t- 
3  tcr'd 
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ter'd  about  the  Head,  the  Crown  of  his  Hat  was  taken  clear  out».  as 
if  it  had  been  cut  out,  and  feveral  Parcels  of  his  Hair  drove  into  the 
Subftance  of  the  Hat.  The  fourth  was  very  little  disfigured,  only  a. 
black  Spot  on  his  Side,  and  a  fmall  Wound,  as  if  made  with  a  caute- 
rizing Iron.  There  were  feveral  others  a-board  wounded  and  ftunn'd. 
One  Artis  had  his  Hair  burnt  clofe  to  his  Head  behind,  and  his  Pe- 
ruke untouched :  He  had  a  Scratch  on  his  Arm  about  four  Inches  long, 
and  a  fmall  Hurt  below  the  Elbow  \  \it  fell  that  Night  into  a  violent 
Fever,  grew  delirious,  and  is  pronounced  irrecoverable.  Whether  he 
received  any  Hurt  on  his  Brain,  or  the  Violence  of  the  Fever  caufes 
the  Delirium,  remains  undetermined.  There  was  no  Mark  to  be  ittvi 
on  his  Coat,  Waftccoat,  or  Shirt,  where  he  had  his  Hurt  on  his  Arm, 
Two  of  the  Perfons  kiird,  were  on  the  outfide,  and  the  other  two 
under  the  Tilt  of  the  Boat  \  and  what  is  pretty  remarkable,  the  two 
that  were  within  the  Tilt,  fate  on  each  Hand  of  a  Woman,,  that  re- 
ceiv'd  no  Damage.  One  Perfon  had  the  Soal  of  his  Shoe  unripp'd 
from  the  Leather,  and  no  other  Damage.  1  wonder  the  Blaft  light- 
ing fo  dircftly  on  the  Boat,  did  not  fhatter  it  all  to  Pieces  :  There  was 
another  Boat  that  followed  them,  and  receiv'd  no  Damage^  and  took 
out  the  reft  of  the  poor  frighted  Wretches  •,  the  Matter  of  which  does 
affirm,  he  faw  the  Fire  light  on  the  Bow-fprit  of  the  former  Boat, 
where  meeting  a  fmail  Refiftance,  it  flew  into  fmall  Streams  like  a 
Rocket,  part  into  the  Boat,  part  into  the  Water  ;  which,  if  true, 
no  doubt,  was  the  Caufe  of  the  Mifchief  being  done  in  fo  many  dif- 
ferent Parts  of  the  Boat  j  and  does  in  fome  Mcafure  folve  the  feem- 
ing  Difficulty  of  the  Woman's  being  unhurt  between  the  two  Perfons 
that  were  kill'd. 

3.3  At  Colcbejler^  on  Jidy  16,  1708.  about  Eight,  of  the  Clock  at  —  ^  Col- 
Night,,  (the  greater  Part  of  the  Afternoon  being  cloudy,    but  more  f^^j^y^L 
thick  toward  Night,  with    Thunder    at    a    Diftance    for   above  anjif^j^^fo^ 
Hour  before,   and    much  Lightning)    I   hard    a    Thunder-Crack  (oiM. 
loud,  as  if  it  Wjsre  clofe  to  me,  (the  like   I  never,  heard  before  •,)  at 
which  Time   the    Thunder  and  Lightning  broke    into    Mr.  King^% 
Moufe,  beginning  at  the  South-fide  thereof,  at  the  Gable-end,    break- 
ing feveral   Roof-Tiles,  and  near  20  other,  as    at  c  in  the*F/f«r^j  Fig.  20. 
continuing  its  Courfe  perpendicular,  and  in   a  ftraight  Line  (the  on^ 
ly  Motion  that  fecms  confident  with  fuch  Violence,  which,  it  feems, 
was  otherwife  in  the  Gentlewoman's   Houfe  in  Ireland)  it  went  into 
a.'  Lean-to,  and  lighting  on   a  bunching  out  of  the  Wall  at  d^  it  enr 
tcr*d  into  the   Strong- Beer  Buttery  through  the   Laths,  and   forced  a 
Cork  out  of  the  lower  Tap-hole  of  a  But :  In  its  Way   at  tf,  it  ihir 
ver'd  a  Stud  about  three  Inches  fquare,    fo  that  one    Side  remained 
naird  .to  Laths,  yet  not  much  thicker  than   a  Lath,  and  alfo  brake 
it  in  two,  as  if  it.  were  a  Tobacco-pipe.     Below  the  Beam  at  ^,  it 

clave. 
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clave  or  fpHt  a  Scud,  AQ^xt  four  Inches  iquare,  fevcnl  Feet 
v/hich  is  there  ftandifig  ;  this  was  from  its  violent  razing  on  the  out- 
iidc.  Ac  the  Time  of  this  Blow,  Mr.  Ki^  was  in  the  Lean-to,  bat 
rcceivM  no  Hurc ;  he  fmell'd  a  ftrong  fulphureous  Scent.  It  caft  the 
broken  Wall  divers  Rood  with  the  Violence.  There  was  fomc  litde 
Damage  done  to  Jlbalhws  Church  about  the  fame  Time  in  the  bid 
Town.    ' 

Divers  Boats  were  carrying  Perfons  from  Harwich  Co  Ipfioicb  on  die 
Orwell ;  the  Violence  of  the  Thunder  and  Lightning  IciliM  four  devi 
immediately,  made  a  Lad  run  mad,  and  wounded  the  reft  that  war  ia 
that  Boat,  which  were  twelve  Perfons,  and  melted  a  Watch  and  the 
Chain  all  of  a  Lump  which  was  in  a  dead  Man's  Pocket ;  this  was  about 
the  fame  Time  of  the  aforementioned.  Mr.  Thomas  Holhorew  of  Cd- 
cbejier  was  Eye-witnefs  to  this :  Being  in  one  of  the  Boats,  he  fineli'd 
fuch  a  Scent  of  Sulphur,  as  he  could  not  bear.  This  was  about  iS 
Miles  N.  £.  of  Colchefter^  and  one  Mile  S.  £.  it  was  no  more  violent 
than  an  ordinary  Storm. 

— -i«  York-  4.  J  On  the  stb  Day  of  July  1708,  we  had  tf  Storm  of  Thunder^  Light- 
Ihirc,  wi/^  ^y^g^  ^^  violent  Rain  -,  I  was  then  at  the  Spaw  at  Harrow-gate^  near 
h^Mr.  R^ '  Knaresborough  \  where  having  a  fpacious  View  upon  the  open  Foreft,  I 
Thorelby.  n.  obferv'd  the  Motion  of  the  Clouds  and  Storm,  which  begaa  in  the 
319.  p.  289.  Weft,  and  wheeled  about  by  the  North  and  Eaft  to  the  South.  When 
the  Night  drew  on,  the  Lightning  appeared  more. dreadful.  The  In- 
termiffion  between  the  Flafhes  was  very  fmall ;  the  Claps  of  Thander 
were  very  loud,  and  the  FlaQies  of  Lightning  were  continued.  The 
Reverend  Mr.  Fumis  of  Bewerly  writes,  that  Thomas  Horner^  with 
others,  flying  from  the  Violence  of  the  Rain,  which  feem*d  rather  to 
fill  in  S^pouts  than  Drops,  took  (helter  in  a  neighbouring  Barn,  whence, 
after  feveral  frightful  Thunder-claps,  they  were  crpcU'd  by  the  BoU^  as 
they  term'd  it,  but  really  the  Lightning,  which  finged  the  Hair  of  the 
faid  Horner^  blew  another  Man  backward,  who  was  climbing  up  die 
Hay- Mow,  left  a  fulphureous  Stench  behind  it,  and  burnt  the  Bam 
and  Hay.  The  Inundation  of  Rain  was  furprizing ;  it  tore  up  much 
of  the  Road  and  Street,  from  the  Church  to  the  Bridge,  and  made 
Pits  in  fome  Places,  feveral  Yards  deep,  threw  down  Part  of  a  JSam 
and  a  Stable,  both  of  them  lately  built ;  it  pufh'd  into  moft  of  the 
Houfes  in  the  Town  ;  the  Water,  in  fome,  was  as  high  as  the  Soals  of 
the  Windows,  and  block'd  up  the  Door  of  one  Houfe  with  Gravd, 
almoft  to  the  very  Top.  Several  Perfons  were  in  great  Danger,  but 
only  one  Woman  drown'd  :  She  was  hurry*d  away  with  the  Violenoe 
of  the  Stream,  and  not  found  till  the  fourth  Day  after.  It  removed 
the  Bole  of  a  large  Oak  feveral  Yards  -,  bore  down  the  moft  Part  of 
four  Wood  Bridges,  and  has  left  at  the  End  of  the  great  Stone  Bridge, 
or  within  about  100  Yards  of  it,  as  much  Gravel,  ^<.  as  is  oompused 

at 
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at  above  k  thddand  Cart  Loads.    For  all  this  Deluge^  the  Kwtt  Nidi 
kept  within  Bounds. 

5.1  We  had  much  Thunder  and  Lightning  in  Torkfiire^  on  the— iVtYork- 
x^tb  of  December  1710,  in  the  Morning.     The  Lightning  was  fo  fe-^"**  h^^ 
vcre,  that  one  Siunor  a  Gardener,  as  he  was  riding  over  Brambanhmoor^  pTa  °  ^^'' 
thought  his  Hair  had  been  burnt,  and  his  Face  fcorch'd  at  one  Flalh,  ^'^    *     ^ 
which  being  more  fevere  than  the  reft,  did  aftually  fet  on  Fire  the  Stick 
}xt  had  in  bis  Hand,  as  he  was  ready  to  depoie  upon  Oath  before  the 
Mayor  of  Leeds^  who  prefented  me  with  the  faid  Hazlc  Rod,  which 
the  Gardener  had  given  him.     It  yet  retains  Part  of  the  Blacknefs,  tho* 
the  Man  (little  minding  it  as  a  Curiofity)  had  beat  oflF  much  of  the 
End  of  the  Rod  in  forcing  his  Horfc  forward. 

6.]  At  Sampford  Courtney  in  Devon/hire^  on  the  ytb  of  OSoher  171 1,  --t^Dcvon- 
in  the  Afternoon^  when  the  Minifter  was  officiating,  (from  whom  lfture,r««»«. 
Tjaw  this  Account)  there  was  fo  great  a  Darknefs,  that  he  could  hardly  ^/^  j  cham- 
Tce  with  ^Speftacles :  As-foon  as  Prayers  were  over,  fome  Men  went  berlayne. 
to  fringing,  ^nd  feveral  others  were  talking  in  the  Church-Porch -,  an.336.p.528. 
great  Fire-BaU,  on  a  fudden,  fell  in  between  them,  and  threw  fome 
one  way,  fome  another,'  but  no  one  received  any  Hurt :  The  Ringers 
laid  they  never  knew  the  Bells  go  fo  heavy,  and  were  forced  to  leave 
,oflF:'And  being  very  weary,  and  looking  out  of  the  Belfrey  into  the 

.Church,  faw  four  Fire- Balls  a  little  bigger  than  a  Man's  Fift,  which 

*of  a  fudden  broke  to  Pieces,  fo  that  the  Church  was  full  of  Fire  and 

'  Smoak. 

John  Goodman* s  Man  received  a  full  Blow   in  the  Neck,   which 

.  made  him  bleed  both  at  the  Nofe  and  Mouth ;  but  he  is  very 
:wrfll  now.  He  fays,  that  the  Fire  and  Sm6ak  went  up  into  the 
TTower,  which  broke  a  great  Beam  on  which  one  of  the  Bells  hung^ 
-which  fell  down  on  the  Floor.     It  likewife  carried  away  one  of  the 

.  Pinnacles  of  the  Tower  next  the  Town,  and  threw  fome  of  the  Stones 
near  a  Barn  Door  at  a  pretty  Difiance  from  the  Church,  and  his 
done  fome  Damage  to  the  Barn  at  one  End.  The  Chimney  of  the 
Koufe  was  removed  in  fuch  a  manner,  by  the  Thunder  and  Light- 
ning, that  all  People  admir*d  that  it  flood,  and  did  not  fall  upon  the 
Houfe.  Tho*  the  People  ran  about  in  great  Coilfternation,  no  one  was 
hurt. 

•  XIX.  I  have  collefted  what  I  can  remember,  relating  to  a  Me-  A  Fiery  Mc- 
ieor  I  faw  in  Jamaica  about  the  Year  1 700.  As  I  was  riding  one  f«or»  ^<^  «» 
Morning  from  my  Habitation,  fituated  about  three  Miles  North- ^*]|^'g^^ 
Weft  from  St.  Jago  de  la  Vega^  1  faw  a  Ball  of  Fire,  appearing  to  \^^^  n*  -yy, 
me  of  the  Bigne^  of  a  Bomb,  fwiftly  falling  down  with  a  great  p.  837. 

Blaze. 
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Blaze.  As  I  thought  it  fell  into  the  Town;  but  when  I  came 
within  a  Qiiarter  of  a  Mile  of  the  Town,  I  (aw  many  People  ga* 
ther'd  together  a  little  to  the  Southern  in  the  SavanHo^  to  whom  I 
rode  up,  where  they  were  admiring  at  the  Ground's  being  ftrangc- 
ly  broke  and  piough'd  in  by  a  Ball  of  Fire,  which,  as  tbq 
faid,  fell  down  there.  I  obferv'd  there  were  many  Holes  in  die 
Ground,  one  in  the  middle  of  the  Bignefs  of  a  Man's  SkuU,  and 
five  or  fix  fmaller  Holes  round  about  it,  of  the  Bignefs  of  a  Man's 
Fift,  and  fo  deep  (efpecially  the  biggeft)  as  not  to  be  fathom'd  bf 
what  long  Switches  or  Sticks  they  had  at  Hand.  I  did  not  hear 
that  any  was  fo  curious  as  to  make  any  farther  Search  :  It  was  ob- 
ferv'd, that  the  green  Grafs  was  perfefUy  burnt  near  the  Holes,  and 
a  ftrong  Smell  of  Sulphur  remain'd  thereabouts  for  a  good  whik 
after. 

Note,  that  we  had  a  terrible  rainy  Night  before,  with  much 
Lightning  and  great  Thunder-Claps,  which  we  have  very  frequent- 
ly in  Jamaica^  often  killing  Cattle  in  the  Fields.  Mr.  Hany  Lord, 
who  lives  at  Dry-River^  had  two  Sons  ftruck  dead  with  lightningi 
in  17 16,  without  any  Wounds  or  Appearance  of  Hurt  found  a- 
bout  them.  And  as  thefe  Claps  are  much  louder  and  ftronger  than 
^ny  I  ever  heard  in  Europe^  fo  are  our  Showers  of  Rain,  pouring 
down  in  a  moft  violent  manner.  We  have  Lightning  all  the  Year 
round,  but  our  great  Rains  are  in  the  Months  of  Majj  Augufi^  and 
OBcAer,  I  knew  May  for  two  or  three  Years  without  Rain,  whid 
was  look'd  upon  as  a  great  Wonder  :  And  we  paid  dear  for  it  in 
our  Indigo :  For  a  Caterpillar  appeared  and  wove  a  fine  Silk  about 
the  Indigo-Plant^  and  deftroy'd  it  all,  hurting  nothing  elfe.  Msf- 
Rains  ufed  to  deftroy  thefe  Worms.  Auguft  and  OBober  never  go 
out  )vithout  a  Flood,  we  having  then  univerfal  Rains  all  over  the 
Ifland,  coming  from  the  Sea :  For  we  have  often  Rains  in  the  Mooa- 
tains  from  the  Clouds  lodging  there,  when  we  have  none  in  the  Low- 
lands. 

Our  Ifland  is  full  of  Mines,  and,  if  fearch*d  into,  I  queftion  not  but 

very  rich.     We  arc  very  fubjeft  to  Earthquakes,  feveral  happenii^ 

every  Year,  efpecially  after  great  Rains,  which  fill  up  all  our  great 

Cracks  in  the  Surface  of  the  Earth :  For  in  a  very  dry  Time,  we  have 

them  fo  very  large,  deep,  and  gaping  fo  open  and  wide,  chat  it  is 

dangerous  to  ride  over  fome  Parts  of  the  SavannaeSj  for  fear  a  Hoffc 

fhould  get  his  Legs  into  them.     Our  Earthquakes  make  a  Noife  of 

-rfliunar        Rumbling  in  the  Earth,  before  we  feel  the  Shake;  and  feem  to  rm 

Jlain-Bow>^<iffwiftly  to  the  Weftward. 
•Mr  Derbyihirc, 

nicltfd^^r,  XX.  A  Gentleman  of  great  Veracity  told  me,  he  had  fcca  s 
R.  l'horcA)y.  Ltmar  Rain-Bow  in  Berbyjbire  on  Cbrijlmas  1710.  That  walking  to- 
n.331  p.320.  wai53 
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wards  PatterMi  Greeny  about  eight  in  the  Evening,  he  ohferved  with 
great  Satisfadtion  the  Bow,  which  the  Moon  had  fix*d  in  the  Clouds : 
She  had  then  paTs'd  her  Full  about  24  Hours,  the  Evening  had  been 
rainy,  but  the  Clouds  were  difpers'd,  and  the  Moon  Ihin'd  pretty 
clear.  'I'his  Iris  was  more  remarkable  than  that  which  Dr.  Piof  ob- 
fcrved  at  Oxford^  the  23^  of  November  1675,  that  being  only  of  a 
white  Colour,  but  this  had  all  the  Colours  of  the  Iris  Solaris^  ex- 
ceeding pleafant,  diftin«5b,  and  grateful  to  look  upon  }  only  faint, 
comparatively  to  thofe  we  fee  in  the  Day ;  as  muft  ncceflarily  foi- 
low,  both  from  the  different  Beams  that  caufe  it,  and  the  Difpofition 
of  the  Medium.  What  puzzled  him  the  moft  was  the  Largencfs  of 
the  Arc,  which  was  not  fo  much  Icfs  than  that  of  the  Sun,  as  the  dif* 
ferent  Dimenftons  of  their  Bodies,  and  their  refpeftivc  Diftances  from 
the  Earth,  feem  to  require :  But  as  to  its  Entirenefs,  and  Beauty  of 
its  Colours,  it  was  admirable  and  furprizing.  It.  continu'd  about  ten 
Minutes,  before  the  Interpofition  of  a  Cloud  hinderM  his  further  Ob- 
fervation. 
« 

XXI.  As  I  was  obfervtng  the  Immeriions  of  the  third  and  fourth  a  Glade  tf 
Satellite  of  SaSurn  on  the  2oSb  of  March  170J,  in  the  Evening*,  I  Light  fietiim 
cfpy'd  a  very  odd  fort  of  Light  in   the  Conftellation  of  ^^'^^^^  jf' ]|J^^' 
the   lower  End  of  which  was  below  the  Bull's  Eye,  and  the  other  ocrham  a. 
a  good  Way  above  it,  and  that  Star  about  the  middle  of  the  lower  3Q5.  p.  2220. 
End  thereof   (as  in  Fig.   21.)    which   reprcfents  its  Appearance  tO|p.    ^^ 
tne.  *  This   Glade  of  Light  had  the  fame  Motion  that  the  Hea-  . 

vens  had,  and  was  much  like  the  Tail  of  a  Comet,  but  pointed  at 
the  upper  End.  This  Light,  I  doubt  not,  is  fuch  as.  Dr.  CUUrey 
firft  obferved  in  England ;  and  Coffins^  and  others  afterwards  in 
France.  '     . 

« 

XXII.  On  tburfdayy  April  j,  1707,  I  perceived  in  the  Weftern  ^  Pyramidal 
Part  of  the  Hfcavcns,  about  a  Quarter  of  an  Hour  after  Sun-fct,  ^f^J^^^^^^ 
long  flender  Pyramdal  Appearance^  perpendicular  to  the  Horizon.    The  Jj^  J^  E&x^ 
Baft  of  thisiy^fwrf,    T  judged    to  be  the  Sun    (then  below  the^^  Jifr.  w/ 
Horizon.)    Its  jfyex  reached   15  or  20  Degrees  above  the  HorizcMi.  l>crJiaiii.  n. 
It  was  throughout  of  a  rufty  red  Colour;  and  when  I  firft  faw  it,  3^^'P-^+^- 
pretty  vivid  and  ftrorig ;   but  the  Top-part  fainter  much   than  die 
Bottom^  nearer  the  Horizon.    At  what  time  this  Appearance  began, 

whether  at,  or  how  foon  after  Sun-fet,  I  cannot  fay.  But  about 
a  Quarter  of  an  Hour  after.  Sun«fet  I  |)erceived  it,  and  had,  for 
fometime,  a  fair  ProfpeA  of  it,  the  Horizon  being  pretty  free 
and  open  where  I  then  was.  But  after  a  while,  it  grew  by  De- 
grees -weaker  and' weaker;  fd  that' in  about  k  Quarter  of  an  Hour 
after  I  fitft  faw  it,  the<  Tdf^^pairt'^if.'^.  ^.;).>wiisT?carce:  vifible.  But  /fg.  as. 
the  Lower-part  remained  vivid  much  longer  1  but  yet  grew  by  De- 
VoL.  IV.    Part  II.  4  I  grees 
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grees  fhortor  and  Iborten  I  (aw  the  Remwis  of  A^  lower  hilf  (^-  i* 
e.  /.)  a  full  Hour  after  Sun-fct ;  and  flioiikl  perhaps  have  fcen  k 
longer,  had  the  Horizon  been  open.  But  it  waa  ofttti  in  wy  Walk  pent 
up  with  Trees. 

The  whole  Atmofphere  feemM  hary,  and  full  of  Vapours,  cfpe- 
cially  towards  the  Son-fet.  The  Moon  and  Stars  wtre  that  Evcmag 
bearded  at  that  Tiiiie,  and  fuccceded  with  an  Hab  about  the  Muoe 
afterwards.  Which  Difpofition  of  the  Air  Was  probably  the  Caufe  ot 
the  Phacnomenon.  But  the  Pyramid  was  undoubtedly  imprinted  up- 
on the  far  diftant  Vapours  of  the  Atmofphere  ;  it  being  manifeftly 
farther  off,  or  lying  beyond  fonne  fmall  thin  Clouds  (C  L.  €.  /•)  thac 
intercepted  it,  and  in  thofe  Parts  corer'd  and  hid  it* 

I  do  not  ttmember  I  erer  faw  any  Thing  like  it,  except  the 
whke  Pyramidal  Ghide,  which  is  now  entituled  by  the  Name  of 
the  Ammra  BonaSs  ;  that  being  (except  in  Colour  and  Length)  like 
it. 

I  have  fcarched  every  Night  fmce  for  this  Pjramis  ygfi^hmt^  but 
have  not  ieen  any  fuch  Appearance,  altho*  the  next  Evening  was 
hazy  and  likely.  I  alfo  bok'd  out  to  fee  whether  the  Aurora  &- 
^eahs  wottU  fuccecd  la  the  Room  thereof;  but  difeo^r'd  aa  fisck 
Thing. 

Yc&I  %     ^'^^"^  ^  ftwngB  Mctew  was  fcen  at  Leiii  lyio,  on  Holy  ««r/ 

Mr.  ft«  Tho-  ^  ^  the  commoa  People  call'd  it  a  Flamii^  SVrord.    It  was  feea  not 

fciby.  n.  531.  onfy  b  the  Neighixniiina  Towfbi  knc  a  gitat  Way  Norths  as  aU» 

h  l^'         above  fifty  Miks  South  of  Lieif.    It  appeared  here  at  a  QojMdr  psft 

tetialNigbt»  and  took  its  Coo^fe  ff dm  South  t^  North :  It  wasbres) 

at  (nke  End,  and  finall  at  tbe  .6dier ;  and  was  by  fome  thon^ghc  16 

refemble  a  Trumpet,  and  mov*d  with  the  broad  End  foremoft :  da 

Light  was  Q}  bright^  that  People  faw  their  own  Shadows.     I  was 

settling  (the  Cilrtain  of  tl^e  Window  b6kig  dcaWn)  fa  &w  aodn:^;^ 

except  a  ftidden  Flaft  of  Li^.    It  is  remarkabk^  that  ail  Pcffeat 

(tho^  ac  manf  Nfiles  DiOaiioe  from  eadi  other^  whea  thejr  £iw  k) 

tfaougfit  it  fell  widiiii  dtfee  dr  four  F«tflongs  of  thefb»  ttid   thtf  ft 

went  om  with  bright  Sparkiings  at  the  fcmU  Eml.    Aa  ingeakml 

Clerg^n^an  toU  flhe,  that  it  was  the  ftrangeftDr^s^  vi/m  ha  waa  evei^ 

feAfibk  ofr  if  it  was  not  afafetotely  ^^lagKlifh'd  withui  a  few  Paces  of 

}fim  I  and  yet  otters  &w  it  mai^  Milfcs  off»  further  Nortk  iii  a  few 

Momeot& 

jtjh-att'Mt^     Ithaabeen  feeit  in  the  Counties*  of  J^/Hi<y>a»  and  Dert^^  aaHtU 

fora  Boieuis 

"h^^Mr.  XXIV.  i5  6b  Skndayi  Hwvmkr  16*  t^))r^  tfttea  Inlllf  Moia* 
Nefc.a^3ioviagi  aad  feif  ffiU  fitev^  Wald  lilonh-Wdkiir>  about  hftlf  * 
*•  i^^-  .  .   .  Ha* 
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Hour  after  eight  in  the  Evening,  there  appeared  a  verjr  ftfaage  LidiC 
in  the  North,    The  Evening  was  clear  and  Star-light,  only  the  Jfd- 
rizon  was  darkened  with  condenfed  Vapours  in  the  North,  reaching, 
as  I  guefs,  ten  or  fifteen  Degrees  *  atx>ve  the  Horizon.    Out  of  this 
Cloud  proceeded  feveral  Stream  or  Rays  of  Li^bt^  like  the  Tails  pf 
fome  Comets,   broad  below,  and  ending  in  Poinds  above.    Some  of 
them  extended  almoft  to  the  Tail  of  Urfa  ACnoTy  and  all  were  nearbr 
perpendicular  to  the  Horizon,  and  it  was  as  bright,  as  if  the  Full 
Moon  had  been  rifing  in  the  Cloud.     But  what  I  wonderM  at  m6{^» 
was,  the  Motion  of  the  dark  and  lighter  Parts  running  ftrangety  throuj^ 
one  another  in  a  Moment ;  fometimes  to  the  Eaft,  and  fometimes  to 
the  Weft.     It  continued,  after  I  firft  faw  it,  about  a  Quarter  of  an 
Hour,  often  changing  its  Face  and  Appearance,  as  to  Form  aAd  Light; 
fometimes' broken,  fometimes  entire  and  lonjg  Rays  of  Light  in  the 
clear  Sky,  quite  ieparate  from  and  above  the  Cloud,  and  none  belgw  in 
theCloiiid. 

.    tj]  Mudi  fiich  another  Appearance  Mr.  Barret  was  credibly  irifbrm*d  ~  h  Mr.W. 
was  feen  in  his  Neighbourhood  in   Effex^    in  September  or  OStober  l>cfl»m.  A 
1706. 

XXV.  The  theory  of  the  Air  fecms  to  be  perfeftl y  well  undcrftpqcj^  ^#  Accouic 
and  the  differing  Denfitics  thereof  at  ^11  Altitudes,  both  by  Rc^n  tfM^^t  «r. 
and  Experiment;  are  fufficiently  defined  :  For  fuppofii)g  the  famle  ku  ^{^^^  ^^ 
to  occupy  Spaces  reciprocally  proportional  to  the  Quantity  of  ^he  fu-  Dr.E.Hil^ 
perior  or  incumbent  Air,  I  have  (♦)  elfewherie  prpv*d,  that  at  40  Miles  11.341.  p.159. 
high,  the  Air  is  rarer  than  at  the  Surfiwre  of  the  Earth,  about  30QO     (*)  ^''• 
Times  5  and  that  the  utmoil  Height  of  the  Atmofphere,  whicjj  reflet  C  ^r^S^fx  * 
Light  in  the  Crepufculum^    is  not  fully  45  Miles :   Nojwithftanding 
which,  it  is  manifeft  that  fome  Sort  of  Vapours,  and  thojfe  in  no  fm4l 
Quantity,  ariie  nearly  to  that  Height    An  ]^(bnce  of  ,this  ipay  be 
given  in  the  great  Light,  (f)  September  1676,  mentionM  by  t)f.  tFallis^  f±y  ^^^  g^ 
which  was  feen  in  very  diilant  Cojinties,  alnnoft  over  all  the  Southpr«,v.ii.C 
Part  of  Efigland.    Of  which,  though  the  Do&or  could  hot  get  fo  par-  »•  S.  LXXI. 
ticular  a  Relation,  as  was  re^uifite  to  determine  the  ^cight  thereof, 
yet  from  the  difbnt  Places  it  was  feen  int  At  coul^  not  jbut  be  very^ 
many  Miles  high. 

So  likewife  th^t  Meteior  which, was  feen  in  '^'j^^^  <i^  the  %ifi  qf 
Jlfly^  between  nine  and  ten  si-ClocJ^  ,^t  Night,  ^as  pyi^e^tly  be- 
tween 40  ^d  50  Miles  peip.en4icul^iy  bign,  .and  as  i^e^  ^  I  qin 
^ther,  over  Sheemefs  and  tlie  Bt^cy  fin  fh  J^pre.  Fox  It  was  feen  at 
%mdon  Aioviog  horizontally  frqwi  E.  by  N.  to  E-  by  S,  at  les^  50  Dc- 
^r?cs  high  \  a^jd  ?t  ^jehT(m  in  5||j^^4»  Pl^Jth?  X^rpmfk  Ro^d,  about 
20  Miles  from  the  Eaft  Coaft  9f  fy^U^^  jfi^i^  /i%\^&  40  KHIe^  to 
the  Eaftward  of  London^  it  appeared  a  Uttk  to  the  Weft  ward  of  tHie 

4 1  2  Souths 
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South,  fuppofe  S.  by  W.  and  was  fecn  about  30  Degrees  high.  Aiding 
obliquely  downwards^,;  We  may  conclude,  that  it  was  riot  many  MJes 
more  Wefterly  thd^xx  Rcdgravdy  which  is  above  40  Miles  more  Eaftcrly 
than  London.  '  Fupp.ofe  it,'  therefore,  where  perpendicular,  to  have 
been  35  Miles  Eaft.  froqi  London^' i^A  by  the  Altitude  it  appeir'd  at  ia 
London^  viz.  50  Degrees,  its  Tangent  will  be  42  Miles  -,  for  rhe 
Height  of  the  Me'teor  above  the  Surface  of  the  Earth,  which  alfo  is 
rather  of  the  lead,  bccaiife  the  Altitude  of  the  Place  fhcwn  me,  is  ra- 
'ther  more  than  Icfs  than  50  Degrees  :  And  the  fame  may  be  concluded 
from  the  Altitude  it  appear'd  in  at  Redgrave^  near  70  Miles  diftant. 
"Though  at  this  ^reat  Diftance  it  appear'd  to  move  with  an  incredible 
Velocity,  darting,  in  a  very  few  Seconds  of  Time,  for  about  12  Do- 

trees  qf  a  great  Circle  from  North  to  South,  being  very  bright  at  its 
rft  Appearance ;  and  it  died  away  at  the  End  of  its  Courfc,  Icav;n<» 
for  fome  Time  a  pale  Whitenefs  in  the  Place,  with  fome  Remains  of 
it  in  the  Track  where  it  had  gone  -,  but  no  hilling  Sound  as  it  pais'd. 
Of  Bounce,  of  an  Explofion,  were  heard. 

It  may  defi&rve  Enquiry,  how  fo  great  a  Quantity  of  Vapour  (houl4 
be  raifcd  to  the  very  Top  of-  the  Atmofphere,  and  there  collefted,  fo 
as  upon  its  Accenlion,  or  otherwife  Illumination,  to  give  a  Light  to  a 
,  Circle  of  above  100  Miles  Diameter,  not  much  inferior  to  the  Light 
of  the  Moon.  'Tis  hird  to  conceive  what  fort  of  Exhalations  Ihould 
rife  frbni  the  Earih,  either  by  the  Aftion  of  the  Sun,  or  fubterrancan 
Heat,  fo  as  to  furmount  the  extreme  Cold  and  Rarenefs  of  the  Air  ia 
thofe  upper  Regions. 

Like  to  this,  but  much  more  confiderable,  was  that  famous  Meteor 
which  was  feen  to  pafs  over  Italy  on  the  2  ^ft  of  March  0,  S.  Anno  1 676, 
about  an  Hour  and  three  Quarters  after  Sun-fet,  which  happened  to  be 
obfcrvM  by  the  famous  Profeffor  of  Mathematicks  in  Bonoma  Gemiida 
Montaiiati^  as  may  be  fcen  in  his  Italian  Treatife.  He  obferves  that  at 
Bonottia^  its  greateft  Altitude,  in  the  S,  S.  E.  was  38^  Degrees,  and  at 
Sienna  5Z  to  the  N.  N.  W.  that  its  Courfe  by  the  Concurrence  of  all  the 
".  Obfervers,  was  from 'E.  N.  E- '  to  W.  S.  W.  that  it  came  "over  the 

jidriatick  Sea,  as  from  Dalmatia :  That  it  crofs'd  over  all  Laljy  bang 
ftearly  vertical  to.  RimiHi  and  Savigniano  on  the  onfe  Side,  and  to  I^- 
'horn  oh  the  other :  That  its  perpendialar  Altitude  was  at  leaft  38  Miles: 
.  That  in  all  Places  near  this  Courfe,  it  was  heard  to  make  a  hifling 
Noife,  To  make  a  Noi/e  like  a  Sky-rocket,  to  bifs  through  the  Air  Gke  s 
^rain  of  Gun-powder:  That  having  pafsM  over  Leghorn^  it  went  off 
to  Siea  towaras  Corjicd.:  And  laftly,  that  at  Legborny  it  was  heard  to 
give  a  very  great  Blow,  //  thundered  with  a  greater  Report  than  that  rf 
a  large  Cannon :  Imniediately  after  which,  another  fort  of  Sound  was 
heard,  like  the  rattling  "of  ^  great  Cart  running  Over  Stones,  which 
continued  about  tiiQ  Time  of  .^  Credo. 

He 
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He  condudes,  from  the  apparent  V^ocity  it  Siecnt  on  mth  kt  Soko^ 
nhy  at  abote'-^o 'Miles  Diftance,  that  it  could  not  be  lefs  fwift  than 
1 60  Miles  in 'a  Minute  of  Time.'  To  this  he  adds  the  Magnitude  there- 
of, which  appeared  at  Boncmid  bigger  than  the  Moon  in  one  Diameter, 
and  above  half  as  big  again  in  the  other ;  which  with  the  given  Di- 
ftance  of  the  Eye,  makes  its  real  Icffcr  Diameter  above  half  a  Mile, 
and  the  other  in  Proportion.  This  fuppofed,  it  cannot  be  wonder'd 
that  fo  great  a  Body  moving  with  fiKh  an  incredible  Velocity  through 
the  Air,  though  fo  much  rarified  as  it  is  in  its  upper  Regions,  fhbutd 
occafion  fo  great  a  hiffing  Noife,  as  to  be  heard  it  fuch  a  Dillance  as 
this  was.  But  'twill  be  much  harder  to  conceive,  how  fuch  an  Impetus 
could  be  imprefs*d  on  the  Body  thereof,  which  by  many  Degrees  ex- 
'  ceeds  that  of  any  Cannon  Ball ;  and  how  this  Impetus  ihould  be  deter- 
mined in  a-Direftion  fo  nearly  parallel  to  the  Horizon,  and-*what  fort 
i  of  Subftance  it  muft  be  that  could  be  fo  impell'd  and  ignited  at  the  ^mc 
rTime:  There  being  no /^«/c^;7^,  or  other  Spiraculum  of  fubterraneous 
Fire  inthe  N.  E;  Parts  of  the  World,  that  wc  ever  yet  heard  of,  from 

•  whence  it  might  be  projefted.  * 

•  '  I  have  confider'd  this  Appearance,  and  think  It  one  of  the  hardeft 
Things  to  account  for,  that  I  have  met  with  in  the  Pbanomena  of  Afe- 

'tearsy  and  am  induced  to  think,  that  it  muft  be  fome  CoUeAion  of 

•  Matter  formed  in  the  jEther^  as  it  were  by  fome  fortuitous  Concourfe 
of  Atoms,  and  that  the  Earth  met  with  it  as  it  pafs*d  along  in  its  Orb, 

« then  but  newly  form'd,  and  before  it  had  conceived  any  great  Impetus 
of  Defcent  towards  the  Sun.     For  thfc  Direftion  of  it  was  exaftly  con- 

'trary  to  that  of  the  Earth,  which  made  an  Angle  with  the  Meridian 

'at  that  Time  (the  Sun  being  in  about  1 1  Degrees  of  Aries)  of  67  Gr, 
that  is,  its  Courfe  was  from  W.  S.  W.  to  E.  N..E.  wherefore  theiWi?- 

'  ieorktm^di  to  be  moved  the  contrary  Way  :  And  befides  falling  into 
the  Power  of  the  Earth's  Gravity,  •  and  lofing  its  Motion  from  the 

•  OppoITtion  of  the  Medium^  it  feems  that  it  defoended  towards  the  Earth, 

•  and  was  extinguifli'd  in  the  Tyrrhene  Sea^  to  the  W.  S.  W;  of  Leghorn. 
The  great  Blow  being  heard  upon  its  firft  Immcrfion  into  the  Water, 
and  the  rattling,  like  the  diiving  a  Cart  over  Stones,  being  what  fuc- 

*-cecded  upon  its  quenching  ;  fomething  like  which,  is  always  obfcrved 

-  upon  qiienching  a  very  hot  Iron  in  Water.  * 

'There  has  fallen  into  my  Hands  an  Account  of  much  fuch  another 

Appearance,  feen  in  Germany^  in  the  Year  1686,  at  iMpficky  by  the 

-•late  Mr.  Geitfreid  Kircb^  who,  in  his  Appendix  to  his  Epbmerides  fpr 

the  Year  1688,  gives  us  this  remarkable  Relation  in  the  foUowirfo 

Words. 

On  tbi  ninth  Day  of  jo\y,  O.  S.  at  Ha^'an  Hour  pbfiX)ne{njB^^^^^      *  * 
Mornin^^  there  a/pf  eared  a  Ball  of  Fire  witba  long  Taity  in  ^  Degi^ees  of       *      /^ 

•  Aquary,  and  ^Gr.  to  the  Norths  which  cofOif^dimmoveahk  for  B^ fa  \]:::;  .] 
j  garter  of  m  Hour.    Its  Diameter  toot  ntar^  ejiM  to  the  SeMidtamettr  of    r, 

'      .  the  '•;''  (  '■'  •  • 
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^  Oe  M9$n.  Atjirjt  its  light  nm  fi  jtrM^  that  if  it  mm  mgbt  read 
wUkmt  a  Camlli.  Jt  affmaarJs  vam/b'd  i$  Us  PUce  by  d^tes.  The 
fifm  Pb4nmmiWH  W4U  slfifan  a  thf  Jam  Tim  by  0tbmrs  in  other  Plaees^ 
parti€^darfy  at  ScUaize^  0  Tomn  11  German  Mks  difiau  from  bme 
(Leipfick)  to  the  SotUb^  at  the  jOtitudi  of  about  60  D^m  frmm  the 
Jioutiem  Horizm. 

At  the  Time  of  this  Ai:9)earaiiee  the  Sun  was  in  %6^  Gr.  of  CosmTs 
jffiA  by  the  given  Place  of  the  Meteor,  ^tis  plain,  it  was  feen  about  |  of 
4inHour  paft  theMcridiaji,  or  in  S*  ^  W.  and  by  its  Declination  it  couU 
«ot  be  above  24  Degrees  high  at  li^fick^  though  the  fame,  at  ScUaizty 
was  about  60  Gr.  high :  The  Angle  therefore  ac  the  Meteor,  was  about 
%6  Gr.  Whence,  by  an  eafy  CaktUuSj  it  will  be  found,  that  the  fame 
was  not  kft  than  16  German  Miles  di(tant  in  a  right  Line  from  Leig/kk^ 
and  above  6^  fuch  Miles  perpendicular  above  the  Horizon,  that  is, 
at  kaft  30  Englifi)  Miles  high  in  the  Air.  And  though  he  %s  of  it, 
that  it  contimud  immoveable  for  half  a  garter  of  an  how  ;  'tis  not  tp  be 
underftood  that  it  kept  its  Place  like  a  fix'd  Star,  a|l  the  Time  of  its 
Appearance ;  but  that  it  had  no  very  remarkable  progreflive  MoQon. 
For  himfelf  has  at  the  End  of  the  f^d  IRfhemerides  give^  a  Figure  dt 
it,  whereby  it  appears,  that  it  darted  downwards  obliquely  to  the  R^hc- 
hand,  and  where  it  ended,  left  two  Globules  or  Nodes,  not  vifiUe  but 
by  an  Opiick  Tube. 

The  f^me  Mr.  Kircb^  in  the  Beginning  of  a  German  Treatife  of  his, 
concerning  the  great  Comet  which  appeared  in  the  Year  1680^  imi* 
tuied,  jRCMt  Dtmmflf  jeftlUllb  printed  at  Nurmtbnrg^  Amm  s68k, 
gives  us  a  Rehition  of  fuch  another  luminous  Meteor  feen  likewife  at 
iMpfiskt  on  the  zid  of  May^  1680,  fi.  vet.  about  Three  in  the  Mom* 
ing  :  Which,  though  himfelf  iaw  not^  was  obferved  by  divers  Perfeo^ 
wjio  made  various  Reports  of  it  ^  but  the  more  inceU^ent  agreed,  that 
it  was  ieen  defoending  in  the  North,  and  left  behind  it  a  long  vkiie 
Stveak  where  it  had  pafs'4.  At  the  iamc  Time  at  iteff^ai;^ ^,  the  lil^ 
Appearance  was  ieen  in  N.  £.  or  rather  N.  N.  E.  as  alfo  at  gtfjjafajy, 
Imbeek  and  Strdfieady  ail  which  are  about  40  Qerman  Milias  from  Le^ 
^k :  But  in  all  thefe  Pkces,  by  Perfpas  unacquainted  with  the  Maaocr 
of  properly  defcribing  Things  of  this  Kind.  Sio  that  a}l  wc  can  cop- 
dude  1mm  it  is,  that  this  J^ikteor  was  eaeeeding  high  al^Mrc  the  fiudi, 
«s  well  as  the  former. 

Ail  the  Ci«cumftaiices  ^f  thefe  Pb4tnommta  tfptt  vnfh  whit  was  famk 
kk  Ssf^hndia  xjo^. 


JXVf.  1^3  The  ^Miflff  hfiviDg  received  Ai3Q0Q«»  f$m^tmy  9un 


ftt'*^' 
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pofed  t&  them^  relating  to  th«  Cauie.    Tke  Account  of  thi$  Appear*- 
anctf  take  ai  follovrs* 

OvikuefifHf  tfaefixeh  of  Marcby  ft.  vgt.  in  ths  current  Te^i  171-64 

(the  Afternoodn  faaving  been  vtrf  ferenc  and  calm,  asd  fomfiwhal 

warmer  than  ordinary)  about  the  Time  it  began  to  grow  dark, 

(much  aboctt  feven  of  the  Clock)  not  only  in  Lond$n^  but  in  all  Parts 

of  England^,  where  the  Beginning  of  thi$  wonderful  Sight  mm  leoa  t 

out  of  what  feem^d  a  dufky  Clood,  in  the  N.  £.  Farts  of  the  Hfi2emi 

and  fcarce  tdi  Degrees  high,  the  Edges  whereof  were  tinged  witii  a 

reddiih  yelk)w«  hke  as  if  the  Moon  had  beoi  hid  behind  it,  ^mo 

acofe  very  long  luminous  Rays  or  Streaks  perpendicular  to  dK  Hofi* 

zon,  fome  of  which  feem'd  nearly  to  afcend  to  the  2^efliish.    Freirnt^ 

after,  that  reddifh  Cloud  was  fwiftly  propagated  along  the  Northern 

Horizon  ineiS)  the  N.  W.  and  ftill  farther  WeAerly  ;  and  immediately 

.  fimt  forth  its  Rays  fram  all  Plarts,  now  hcre^  ftow  there,  diey  obfenring 

Rb  Rule  or  Order  in  their  rifing.    Many  of  thefe  Rays  fteming  to  <on« 

ctil*  near  the  2^em«h,  formed  there  a  Omm^  m  Intage»  iirhtch  drew 

the  AtcentioB  of  all  Spe6bators.    Some  liken'd  it  to  that  Reprefenta* 

tion  €£  Glay  wherewith  our  Pamters  in  Churches  fiuTOund  me  Holy 

Hame  of  God.    Others  to  thofe  radiating  S$mrs^  wherewith  the  Breafo 

of  the  l^igias  oi  the  Order  of  the  Garur  are  adom'd.    Many  com- 

pu^d  it  to  the  CommaA  the  great  O^la  of  St.  Paid?%  Chtsich^  diftin- 

guifh'd  with  Screaks  altemanty  li^  and  obfcure^  and  Having  in  the 

Middle  a  Space  leis  bright  than  die  reft,  DefemfoHng  ttfie  Lantern^ 

Wmft  tutors,  ID  es^efs  as  weU  die  Motion  ^  Fignnb^theteof^  would 

hare  it  to  be  like  ife  Ffauae  vx  an  Oren^  reverberasitd  aad  nlliog 

j^ainft  the  arched  Roof  thereof;  Some  thou^  it  Uker  to  tlttt  tremia- 

lotts  Light  which  is  oaft  againft  a  Qeling  by  the  Beams  of  the  Sun» 

Kflefted  from  the  Sorfiure  of  Wattr  Hi  a  Baibo  dat's  a  Ikde  fluiken ; 

itrfvfe  rddjpracal  vibmting  Motion  ft  very  much  iuMaled*    Byai  all 

agi^  diac  this  ^fdirum  kfted  only  a  few  Minutes,^  and  ertttftted  kfelf 

Tsrioofly  dl^ed  with  Cplours,  yelbw^  red,  aad  a  dnfty  gteen :  Nor 

did  it  l»p  in  the  lame  Pkce  %  fot  wheiv  firft  it  begaiH  it  appeared  a 

littie  to  the  Northwards  of  die  Zeasth,  but  by  degrees  cteclinuig  to^ 

waads^  the  Sooth,  the  long  Siri^  of  light,  whidi  arofelrcmi  aU*Farta 

cf  the  Northern  Senttdmle  of  the  Hoiaaoiit  ftmtiM  to  meetMMth^i'^ 

nor  much  abtfve  theiHeadof  O^yKartbelfortfattm  3«lmr^  aidtheiw 

fix>B  dHappear'd 

.  After  die  ihtft  impotui  ^  this  afauidilig^  ¥apmsr  «»  oirer^  iHm 
Cornia  appdtr^d  no  nicte  ^  hua  iMy  wkhboo  atvi  OadeRiaa^rtfyTflh^ 
dir  Pko6^  or  Sitti  tamodi  JUfi^  Mfi^  thir  tantteiv  (^M^tiMd.  m 


SM#  tfaevfc^  nwh  lai^^  tiow  imitl    Mbcididi#»3^1)liK4eft<«;4t 
firft  out  of  a  Cloudi  hoe  oftcBcr  would  cmers:  «t  once  out  0^  thii 

pur? 
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pure  Slcy^  which  was  more  than  ordinary  ferene  and  ftilL  Ndr  were 
they  all  of  the  fame  Form.  Moft  of  them  fecm'd  to  ctod  in  a  Point 
upwards,  like  ereA  Cones ;  others  like  truncate  Cooes  or  Cylinders, 
fo  much  refembied  the  long  Tails  of  Comets^  that  at  firft  fight  chey 
might  well  be  taken  for  fuch.  Som^  of  thefe  Rays  would  continue 
vifible  for  feveral  Minutes ;  when  others,  and  thofe  the  much  greater 
Part,  juft  fhew*d  themfclves,  and  died  away.  Some  feemfd  to  have 
little  Motion,  and  to  (land,  as  it  were  fix^d,  among  the  Stars,  whtlft 
others,'  with  a  very  perceptible  Tranflation,  movM  from  Eaft  to  Weft 
under  the  Pole,  contrary  to  the  Motion  of  the  Heavens ;  by  which 
Means  they  would  fometimes  feem  to  nin  together,  and  at  other  times 
to  fly  one  anothcr- 

After  this  Sight  had  continued  about  an  Hour  and  a  half,  thofe 
Beams  began  to  rife  much  fewer  in  Number,  and  not  near  fo  high,  and' 
by  Degrees,  tihat  difFufcd  Light,  which  had  illuflxatcd  the  Northern 
Parts  of  the  Hemifphere,  fecm'd  to  fubfide,  and  fettling  on  the  Hon*. 
zon  formed  the  Refemblance  of  a  very  bright  CrepufaUum  r  That  this 
was  the  State  of  this  Pbanomenon^  in  the  firft  Hours,  is  abundantly 
confirm*d  by  the  unanimous  Confent  of  feveral.  For,  by  the  Letceis 
we  have  received  from  almoft  all  the  extreme  Parts  of  the  Kihgdoro, 
there  is  found  very  little  Difference  in  the  .Defcription  from  what  ap- 
peared at  London  and  Oxfwd ;  unlefs  that  in  the  North  of  Ef^Umd  and 
in  Scotland^  the  Light  leem'd  ibmewhat  ftronger  and  brighter. 

Hitherto  I  have  related  the  Obfcrvations  of  others :  As  to  myfclf,  I 
had  no  Notice  of  this  Matter,  till  between  nine  and  ten  of  the  Clock  ; 
upon  the  firft  Information  of  the  Thing,  I  immedfaitely  ran  to  the  Win- 
dows, which  happened  to  regard  the  Swith  and  South- Weft  Quarter; 
and  foon  perceived,  that  though  the  Sky  was  very  clear,  yet  it  was 
tinged  with  a  ftrange  fort. of  Light;  fo  that  the  fmaller  Stars  were 
fcarce  to  be  feen,  and  much  as  it  is  when  the  Moon  of  ibur  Days  oU 
appears  after  Twilight.  1  perceiv'd  at  the  fame  Time  a  very  thin  Va- 
pour to  pafs  before  us,  which  arofe  from  the  prccife  Eaft  Part  of  the 
Horizon,  afcending  obliquely,  fo  as  to  leave  the  Zenith  about  fifteen, 
or  twenty  Degrees  to  the  Northward.  But  the  Swiftncfs  wherewith 
it  proceeded  was  fcarce  to  be  believed,  leeming  net  inferior  to  that 
pf  Lightning;  and  exhibiting,  as  it  pafs'd  on,  a  fort  ai  momenta- 
neous  Nuiccukj  which  difcover'd  icfelf  by  .a  very  diluted  atid  feint 
Whitenefs  *,  and  was  no  fooner  formed,  but  befDre  the  £ye  could  well 
take  it,  it  was  gone,  .and  Idft  no  Signs  *2)ehind  it  Nor  was.  this  a 
iiiigie  Appearance ;  but  for  feveral  Minutes,-  about  fix  orfeven  Times 
kk  a  Minute,  the  fame  was  again  and  agsdn  repeated ;.  thefe  Waves  of 
Vi^ur  regularly  fucceeding  one  another,  and  at  Inteirals.  very  near- 
ly equal  ^all  of  them  in.  their  AfGoir  produptng^  a  like  tranfient  Nm- 
hcuk. »  . 

By 
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Bf  tlfiii  FmkvAar  vrt  urere  firft  affured  ;  fbac  the  Vapoiir  we  tm^ 
^  hecoLme  Cfkif^mMs  hy  its  own  proper  Lights  widiout  Help  of  the 
Sun*s  Beams  ;  for  thefe  NubecuU  did  not  difcover  themfelves  in  any 
5pthcr  J^art  of  their  Paffage,  but  only  between  tht  ^^utb-Eaft  and 
^utki  where  being  oppofitie  to  the  Sun^  chey  wene  deepfcd  immers'd 
\in  the  C^SHteicf  the  Earth's  Shadow  (  nor  were  they  ^ifibfc  before  or 
^er.  Whereas  thercontrary-muft  harre  happen'd^  had  they  borroir'd 
their  Light  from  the  Sfun. 

I  then  made  alll  thi  Hafte  I  could  to  a  Place,  wliere  there  was  a 
firee  Prtlfjkft  of  the- Northern  Horizon.    Being  come  there,  not  much 
pft  ten  of  theCloc4c,  I  found,  on  the  Weftern  Side,  wZi  between 
,  W*  and  N.  W.  the  Reprefentation  of  a  very  bright  Twiligbty  conti- 
guous to  the  Horizon  -,  out  of  which  aroTe  very  long  Beams  of  Light, 
'  not  exa6t4y  ereft   toward    the  Vertex^    but   fomethirig   dedining   to 
the  South ;  which  aicending  by  a  quick  and  undulating  Motion  to 
-a  confiderabfe  Height,  vanifh'd  in  a  little  Time,  whilft  others,  tho* 
at  uncertain  lAtervals,  ftipply'd  their  Place.  •  But  at  the  fame  Time, 
;  through  all  the  reft  of  the  Northern  Horizon,  viz.  from  the  North- 
Weft  to  tfteltrue  Eaft,  there  did  not  appear  any  Sigd  of  Light  to 
arife  from,  or  join  to,  the  Horiscon  •,  but  what  appeared  to  \>t  an 
'exceeding  black  and  difmal  Cloud  feem'd  to  hang  over  atf-tiiat  Part     ' 
•of  it.    Yet  was  it  no  Ctoud,  but  only  the ferene  Sky  *more^  than  or-^ 
dinary  pure  and  linipid^  fo  that  the  bright  Stars  fhone  clearly  in  it»' 
[and  particularly  Cauda  Cjjw,  then  very  low  in  the  N^rtb  5  the  great 
'<Blac»:nJeis  tnamfeftly  pnoceeding  from  the  Neighbourhood  of  the  Light 
which  was  collefted  above  .  it.     For  the  Light  had  now  pu^  on  a 
'Form  quite  different  from  all  that  we  have  been  defcribing,  and  had 
-falhion'd  itfelf  into  the  Shape  of  two  Lamina  or  Streaks,  lying  in  a 
Pofiiion  parallei  to  the  Horizon,  whofe  Edjges  were  but  ill  terminat- 
ed.   They  extended  themfelves  from  -the  M^by  £.  to  -the  ffortb-Eaft^ 
and  were  each  about  a  Degree  broad  •,  the  undermoft  about  eight  or 
nine  Degrees  high,  and  the  other  about  ipur  t)r  five  D^rees  over  it  i 
thefe  kept  their  Places  for  a  long  Time,  and  made  the  Sky  fo  light, 
that  I  believe  a  Man  might  eafily  have  read  an  ordinary  Print  by  the 
Help  thereof. 

Whilft  I  was  viewing  this  furprizrng  Sight,  and  expeftirtg  what 
"Was  further  to  come,  the  Northern  £nd  of  the  upper  Lamna  hj 
'©egrccs  bent  downwards,. and  at  length  cbfed  with  the  j|nd  of  the 
-other  that  was  under  it,  fo.as  to  ihut  up  on  the  Nbftjifide  an.in- 
Iferniediate-Space,  which  Iftffl  continued  open  to  the  Eatt.  Not 
'Iprtg  ifpct  this,  in  the  faid  included  Space,  I  'i^w  a  gttal  'Number 
*iof  *iaiCokrmns  or  whitifli  Streaks,  to  appear  .fuddcn1^,ercft  to 
^he'Ho^Jron,  and  reaching^  from  the  one.  j!Ltf«n&w  ^o  the  other  *,  whlqi 
iriftantly  difappearing,  were  too  .miidc  fof  the  EVc,  fo  thati  could 
not  ^dge^hcthcr  thcy-tmolfe  •'fk-o^  imdtr;  tt  ^  from  the  xqi- 
VoL.  IV.     PartIL  4K  per. 
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per,,  tut  by  their  fudden  Alterations,  thcy.-m^dc  fucb  an  Ajmetrwce, 
as  might  well,  enough  be  taken  to  rcfcll^bIe  the  Conflifta  ot  Men  in 
Battle.  ; 

And  much  about  the  fame  Tirne^  there  began  on  a  fudden  to  ap- 
pear, low  under  the  Pole,  and  very  near  due  Norths  three  of  four 
ucid  JreaSy  like  Clouds,  .difcovering  themfelves,  in  the  pure  but  very 
black  Sky,  by  their  yellowifli  Lighj.  Thefc,  as  they  broke  out 
at  once,  fo  after  they  had  continued  a  few  Minutes^  difappear'd  as 
quick  as  if  a  Curtain  had  been  drawn  over  them :  Nor  were  they 
of  any  fletcrmined '  Figure,  but  both  iji  Shape  and  Size  might  pro- 
perly be  compared  to  Iniall  Clouds  illuminated,  by  the  full  Moon,  but 
brighter. 

Not  long  after  this,  from  above  the  aforcfaid  two  Lamin^^  there 
arofe  a  very  great  Pyramidal  Figure,  like  a  Spear^  Iharp  at  the  Top, 
wbofe  Sides  were  inclined  to  each  other  with  an  Angle  of  about  four 
or  five  Degrees,  and  which  feemM  to  reach  up  to  the  Zenith^  or  be- 
yond it.  This  was  carried  with  an  equable,  and  not  very  flow  Mo- 
tion, from  the  N.  E.  where  it  arofe,  into  die  N.  W.  where  it  difap- 
pear'd, ftill  }ceeping  in  a  perpendicular  Situation,  or  very  near  it;  and 
paffing  fucceffivcly  over  all  the  Surs  of  the  LittU  Bear^  did  not  efface 
the  fmaller  ones  in  the  Tail,  which  are  but  of  the  fifth  Magnitude  v 
fuch  was  the  extreme  Rarity  and  Perfpicuity  of  the  Matter  vmereof  it 
copfifled. 

This  fingle  Beam  was  very  remarkable  for  its  Height  above  all 
thofe  that  for  a  great  while  before  had  preceded  it,  or  that  follow'd 
it. 

It  being  now  pad  eleven  of  the  Clock,  and  nothing  new  offering 
itfelf  to  our  View,  but  repeated  Pbafes  of  the  fame  Speftacle  ^  be- 
ing returned  to  my  Houfe,  I  went  to  my  upper  Windowsj^  which  con- 
veniently enough  regarded  the  N.  E.  Part  of  the  Heavens,  and  fooQ 
found  that  the  two  Lamina  or  Streaks  parallel  to  the  Horizon^  had 
now  wholly  difappear'd ;  and  the  whole  Speftacle  reduced  itfelf  to 
^the  Refemblance  of  a  very  bright  Crepufculum  fettling  on  the  Northern 
Horizon,  fo  as  to  be  brighteft  and  higheft  under  the  Pole  iticif; 
'  from  whence  it  fpread  both  Ways  into  the  N.  E.  and  N.  W.  Under 
this,  in  the  middle,  thereof,  there  appeared  a  very  black  Space,  as  it 
were  the  Sqgment  of  a  lefler  Circle  of  the  Sphere  cut  off  by  the  Ho- 
rizon. It  kem*d  to  the  Eye  like  a  dark  Cloud,  but  was  not  fo  ;  for 
by  the  Tclefcope  the  fmall  Stars  appeared  through  it  more  clearly  than 
ufual,  confidering  ^ow  low  they  were :  And  upon  this  as  a  Bafis^  our 
Ijimcn  Auroriforme  rt^A^' "^hicti  was  no  other  than  a  Segment  of  a 
Ring  or  Zone  of  the  Sphere,  intercepted  between  two  Parallel  Icflfer 
Circles,  cut  off  likcwife  by  the  Horizon  j  or  the  Segment  of  a  v^ 
broad  Iris^  but  of  one  uniform  Colour ;  viz.  a  Flame-Colour  in- 
dining  to  yellow»  the  Center  thereof  being  about  forty  Degrees  be- 
low 
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low  the  H^riitoii.  And  tbore  this,  there  were  feen  fome  Rudime&tf 
of  a  much  larger  Segment,  trith  an  Interval  of  dark  Sky  between^ 
but  this  W9ft^£^  exceeding  £sunt  and  uncertain,  that  I  oould  make  no 
proper  Bibiniace  thereof, 

\k  attended  ibif  Phfenomenon  till  near  three  in  the  Morning,  and 
the  rifing  of  the  Moon :  But  for  above  two  Hours  together,  it  had 
no  manner  of  Change  in  its  Appearance,  nor  Diminution,  nor  Increafe 
of  Light  5  only  fometimes,  for  very  Ihort  Intervals,  as  if  new  Fuel 
had  been  caft  on  a  Fire,  th^  Light  feem'd  to  unduhte  and  iparkle, 
not  unlike  the  rifing  of  a  vaporous  Smoke  out  of  a  great  Blaze,  when 
agitated.  But  one  Th^g  I  afluted  my  felf  of,  that  this  /m-like 
Figure  did  by  bo  Means  owe  its  Origin  tp  the  Syn's  Beams :  For  that 
ab«a]t  three  in  the  Morning,  the  Sun  being  in  the  Middle  between 
the  North  and  Eaft,  our  Aurora  had  not  followed  him,  but  ended  in 
that  very  Poifit  where  he  then  was :  Whereas  in  the  true  North-,  which 
the  Sun  had  long  pafs'd,  the  Light  remained  unchanged,  and  i^  its 
full  Luftrd,.:'..  :-:    .  :    ' 

Thus  I  have  endeavoured. by/Words  to  reprcfent  what  I  few ;  I  have 
annexed  a^  Ftgurt,  exhibiting  that  particular  Appearance  of  the  two  Fig.  23. 
Lsmin^y  which  I  (aw  at  Ltmdon  between  die  Hours  of  ten  and  eleven : 
Becaufe  I  do  n0t  fiQd,  among  the  many  Relations  I  have  feen,  any 
one  that  has  taken  Notice  of  it  In.  this  Fignife  A  B  \s  the'Mnder 
LamtMj  fonaewhat  broader  and  brighter  than  the  upper  CD;  It  had 
near  its  under  Edge  the  Lucida  Lfra^  and  below  its  Northern  Extre- 
mity, on  the  Left-hand,  C(mda  Qfgm :  And  as  well  above  ,and  below 
thefe,  as  in  the  intermediate  Space  between  them,  and  indeed  all  round 
about  that  Part  of  the  Heavens,  the  Sky  was  fo  unufually  dark  ^d 
black,  as  Jf  all  that  Exotic  Light  that  had  fhew'd  itfelf  before,  had 
been  then  coUeded  into  thofe  two  Streaks,  Only  at  ^  between  the 
Weft  and  North-Weft,  and  no  where  elfe,  out  of  a  Brightnefs  adjoin* 
ing  to  the  Horizon,  there  arde  conical  Beams,  as  A^  £»  Nj  after  the 
fame  Manner  as  at  firft. 

Whiift  we  ftood  looking  on,  the  Streak  C  D,  at  its  Northern  End, 
bent  downward,  and  joined  with  the  under  A  B  tx,  E^  and  inclu- 
ded the  Space  D  C  E  A  B^  which  ftiU  kept  open  at  the  other  End 
towards  the  Eaft ; ,  and  in  the  mean  Time,  out  of  the  very  clear 
Sky,  fome  luminous  Spots,  fituated  and  figured  as  in  the  Schieme  at 
G,  <?,  G,  G,  prelienGed  themfelves  to  the  Eye,  in  Colour  much  like 
thcLamifutc    Thefe  did  not  ihew  themfelves  all  together,  but  came, 
fuccefllv^ly,  yet  fo  as  two  or  three  of  them  were  feen  at  a  Time; 
and  as  their  coming    was    inftantaneous,    fo  they    went   away  in  a.. 
Moment.    At  the  fame  Time  likewifc,  the  feveral  little  white  Co-, 
lumns  mark'd  F,  is  F,  F,  occupied  that  Part  of  the  Space  between, 
the  two  Streaks  next  to  £,  and  by  their  fudden  and  very  irregular . 
Motion^  and  the  vaniftiing  of  fome,  whiift  others,  at  the  fame  Time» : 
2  4  K  2  emerged, 

A 
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feughC  in  Che  Air.  L^ly^  from  siboiM:  Ae  MMdkr  of  C  A  tlHm  airefe 
fuddefily  a  CMie  or  Obelilk  of  a  pale  #lflliA  -Liglit,  greicer  than  any 
we  had  yet  fecn,  as  H\  which  moving  from  Eaft  to  ^f^y^mA  a  Nfo- 
tion  lijffickfttly  regi^r^  Was  XranQated  Id  IT,  in  the  N^b  Weft,  and 
there  dilappear'd. 

That  W€  might  by  ^^fanse  Scheme  (h^iw  the  AppeiM^^e  of  the  laft 
Hours,  after  Midnight  I  we  han^d*  made  the  Light  at  ^  much  bigger 
than  what  Appeared  in  the  Weft  about  ten  ctf  the  Ctoek  •,  fo  as  to  rc^ 
prcfcnt  truly  that  other.  1ft  this  Cafe,  iHe  £V)iDt  ^  muft>  by  the 
Imagination,  be  fuppofed  walftsfcrrM  to  the.  Interferon  of  the  Hori- 
zon and  Mei4diaA  under  tte  Pole.  The*  Scheftic  indeed  could  by  no 
Means  fee  contrived  to  alftfwer  the  i/irbnderfill  'Vairfcty'  this  Pb4en^ 
menon  affotded ;  fincc  even  the  Eye  of  no  oM  fingle  Obferver  was 
fafficicnt  to  follow  it  in  the  Suddennefr*  ahd"1?requen<?y  of  its  Altera- 
tions. •..:...  *  .  ' 

,  Thus  I  have  attempted  to  dcfcribe  what  was  feen,  and  amibrry  I  <fid 
not  fee  die  lirft  and  ihoj^fui^i^ting  Part^thereliif  fny  ftlf :  The  Mke  h 
not  rec«>rded  in  the  EngUpmMU  flnie  15:^4)  that  h,  ^ftbove  a  hdndred 
and  forty  Ydars  ago,  in  the  fteign  of  Queen  EHxubitb.  Tltea,  as  wc 
ate  told  by  the  iliftoriailsof  thofe  TlMe^'  Cambden  aild'£^t»,  for  two 
Nightff  fodceffively,  vtfti  on  the  14/A  and  -fs/*  of  November  tka^  Year, 
much  th^  fatte  wondetffifi'  PbiefhtMefki  i^trt  ieen,  With  ^sime&  idi  the 
fame  Circtiniftances  is  Wow.  .',••- 

'  N(*,  indeed,  wis  fhift  thtll  fo  tm  H  8i^ht  as  it  kiBbeen  fincc: 
]?or  wfc  find,  in  a  Book  enfituled,  J  Drfcriprhn  pfMehors^  k-eprinted  at 
Ltmionivt  the  Year  1654,  whofe  Author  writes  himfe4f  *^i  F.  D.  D. 
that  the  feme  Thing,  Which  he  there  eaik  Bunri^  Sp^ars^  w^  feen  at 
I^ndsnoxvyanuary^o^  i^6oi  artd  again  by  the  Tcftimorty  of  Sivm^ 
on  thfe  2^  ^  Olf^ir  ^564.  And  from  foreign  Authors  wele«?ns  tkat 
in  th^  lea^  1 575,  th«  faitie  was  twice  repeated  in  Braim^  '9i%.  otk  ^ 
i^tboi  February^  and  28/A  of  September  \  and  feen  stod  deferibed  by* 
CcmelitU  Gemna^  Who  in  a  tMfcourfe  h6  Wfot6  of  the  Prodigks  of 
thofe  iTifWs,' after  feve»al  iH^dfng  IfW^noftidkfe,  thus  wry  property 
'  defcnbe^  t^e  Qipoia  and  Gotma^  ^at  he  ikwAvk  the  Pbafma  (9^  he  cails  it) 
of  FibiHiff.  A  liitti  KvhUe  afte^  f$Av  Plams  fijkg  Uke  Spears^  tbe 
Heav^fim'd^io'be  m  Tire  0n  tbe  Norfb^rnSiie  quitt  up  A>  the  Zemtb. 
Ani  Uiftlj^ '  that  nitbl^g'  migbt  Jim  rtp^efentid  b^e  4vhkb  biiS€rt0 
bad  ^ppeH'd^  tbe  ^ear^ice  ef  tbt  Heavens  ^as  cbaffgsdfor  ehe  Spate 
of  MMeur;  irUo  tbeptinge  Ukmh  ef  a  B(^  t^itbv^cb  they  fiey  at 
Dtcii  Mai  and  ^bite' cminmlly  daHgingy  net  Un4b  Ufs  Um&tmnty  aad 
Smftfiefi  tban  tbe  Roffs  ef  the  Sun^  wbHi  ihey  are  nfiemd  batk  by  ^n  i»- 
terpofed  •Speculum.  Here  k  is  not  a  littfe  rett»rkable,<hat  al)  ih^  foot 
already  nicntioi^ed,  feM  exa<^Iy  upon  the  f^itie  A^  ^  the  Mtoon,  vns. 
two  Days^  after  the  Change. 

As 


•   A*  to  tlteottier  of  Stpthhber  in  the  fame  Year  1575^,  thefe  4fe  Ae 

Wopd»  of  Gemma.     It  was  not  ifi^dfir  tfrriiky  yet  kOitk  greater  Vmbty 

^ti>at  other  PbatAmenm  nppear^d^  which  wifaw  in  0£b:^T  follewi^j  jt^ 

efter  ^  Sun  was  Jet.    In  this  <x>ere  manyjbining  Bewsj'/ram  which  ijfked 

'  ^earsj  Cities  with  TmrrelSi  and  Armies  of  Soldiers.     Hence  the  Rays  pro^ 

eeeded  every  Way^  as  alfd  the  Floating  of  Clouds  and  Images  of  Battles. 

.  fi^  fied  from  and  purfued  one  another^  with  it'  wonderful  AterHatim. 

'from    heftce  ^is  tnaniftft,    that    this  Phanomenon  'appeared  in  our 

•Ncighbotjrhood    three  feveral    Times,    and    that  with    coitfidcraHe 

Intervals,  within   the  Compafs   of  one   Ye^r  •,   though   our  *  Engl^ 

Hiftprians  have   not    recorded  the  two    latter  •,    nor    did  Gemma  fee 

th^  of  Nevemher  1*574,  as  *tis    moft  likely,    by   reafon  of  Clouds. 

After^his,m  the  Year  1580,  we  have  the  Authority  of  Michael*  Mi^lin\\  (»)ilf.Maftlin 

-riwt  'rt  Baknang  in  the  Country  of  JFirtemburg  in   Germany^  ^^^^ta\^^o 

'FhafinatSy'  as  he  likewifc  ftiles  them,  were  feen  by  himfelf  no  lefs  than  *^'^'  "^  ^' 

feven  Times  within  the  Space  of  twelve  Months.     The  firft  of  thefr, 

•and  moft  confiderable,  fell  out  on  the  very  fame  Day  of  Ae  Month     • 

with'  OOTs,   viz.  on  Sunday  the '  fixth  of  March,  aiid  was    attended 

with  much  the-  fame  Circumftaricei.     And   again  the  fame  Things 

-irert  feen  in  a  very  extraordinary  Manner  on  the  gth  of  Jpril  and 

[iofh  of  iS^^/mJfr,- following:  Btit  in  a  lefs  Degree,  on  the  6th  of  Aprils 

lifi  of  September;    2:6th  of  December,    and  16th  of  February^  1581. 

The  laft  of  Which,    and  that  of  the  iij?   of  September,  muft  needs 

liave  been  more  confiderable  than    they  then  appeared,   bccaufe  the 

Moon  being  near  the  Full,  nccefl&rily  effaced  all  the  fainter  Lights. 

OFkltthefe,  however,  no  one  is  mentioned  in  our  Annals  to  haVebcen: 

feen  in  England,  tior  in  any  odicr  Place  that  I  can  find. 

The  next  that  we  hear  of,  was  that  of  the  Year  1621,  on  Sep- 
tamber  id,  fi^vet.  feen  all  ovtr  France,  ahd  well  defcrib'd  by  G&fendus 
in  his-  Phvfieks,  who  gives  it  thft  Name  o^ Aurora  Eorealis.  This,  tho*' 
Ifttlfe  inferior  to  what  we  lately  law,  and  appearing  to  the  Northwards 
both  of  Rouen  and  Paris,  is  no  where  faid  to  haVe  been  obferv'^  in  / 
Engfand,  over  which  the' Light  feepi'd  to  lie. 

Another  was*feen^H  over  Germany,  in  the  Ybar  1623,  thus  defcribM 
fey  Kepler.  OnthetS  Day  ^November,  Jnt^'x623,  a  fiery  Meteor  was 
fien,  or  a  burning  Bull^  ffying  ci;er  dl  •Gtrvroiny  fr&m  Weft  to  Eaft.'  In 
Auftria  they  faid  it  gave  a  Sound  tike  a  Clap  of  Thunder^  which  I  cannot 
tkfTkis  true ;  'for  the^Defcripthms  that'  are  extant  do  notconfifiH  thh: '  - 
'  And  fihce  theh,  'fpr  above  80  Yeafs,  we  have  no  Atcoutit  of  any: 
foth  Si^t,  either  from  home  or  abroad.  Tlie^lifft  we  finti  -oh  wr 
?ooks,  was  one  of  ftiiall  Continuance  Tetn  in^^^dndby  Mr.'Ifete,  on|^''^. Supra,  f. 
Ae   i&th  oflfovembir'iyoy.  And*' ih^he  iWfJf^Zr^^  ]^ub**'34* 

Jiihed  in  171c,  we  learn,  riiat  ifi  t!ie  fkmte  Year  ^707';  both  on  •the' 
24/^  of  Januwy,  and    18/*  of  Pfb^uafj^  jf;4^  IbhwithiiiE^  ef  ftii^ 
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kind  was  feen  by  Mr.  Olaus  Rawer  at  C^peidu^eB^  and  s^aia  cm  th^ 
23^  of  Fehruary^  the  fan>e  Aftrontmur  obferv'd  there  fuch  another  Ap- 
pearance, but  much  more  confideiable ;  of  which  yet  he  only  law 
the  Beginning,  Clouds  interpofing.  But  the  fame  was  ieen  that  Nigbt 
by  Mr.  Gotfried  Kircbj  at  Berlin,  above  200  Miles  from  Copenb^gn^ 
and  lafted  there  till  pod  ten  at  Night.  To  thefe  add  another  fmail 
one  of  fmall  Duration,  feen  near  Londmij  a  little  before  Midnight  be- 
tween the  ninth  and  tenth  of  Augt^fi  1 70S,  by  the  Lord  Bifhop  of 
Hereford  \  fo  that,  it  feems,  in  little  more  than  eighteen  Months, 
this  fort  of  Light  has  been  fccn  in  the  Sky,  no  lels  than  five  Times  id 
the  Years  1 707  and  1 708. 

Hence  we  may  reafonably  conclude,  that  the  Air,  or  Earth,  or 
both,  ar<e  fometimes,  though  but  feldom,  and  with  great  Intervals, 
difpofed  to  produce  this  Pt/tnomenon :  For  though  it  be  probable  that 
many  Times,  when  it  happens,    it  may  not  be  obferv'd,  as  fallii^ 
out  in  the  Day-time,  or  in  cloudy  Weather,  or  bright  Moon-ihine : 
Yet,  that  it  fhould  be  fo  very  often  feen  at  fome  Times,  and  fo 
feldom  at  others,  is  what  cannot  well  be  that  VV^ay  accounted  for. 
Wherefore  confidering  what  might  be  moft  probably    the  MtUmd 
Caufe  of  thefe  Appearances ;  what  firft  occurred  was  the  Vapour  of 
Water  rarified  exceedingly  by  fgbterraneous   Fire,  and  ting»l   with 
fulpbureous  Steams;  which  Vapour  is  now  generally  taken  by  oar 
Naturalills  to   be  the  Caufe  of  Earthquakes.     And  as  Eartiic^jakcs 
happen  with  great  Uncertainty,  and  have  been  fometimes  fi]cquc3it 
in  Places,  where,  for  many   Years  before  and  after,  they  have  not 
been  felt ;   fo  thefe,  which  we  might  be  allow'd  to   fuppofe  pio- 
duc'd  by  the  Eruption  of  the  pent-up   Vapour  through  the    Pores 
of  the   £arth>    when  it   is  not  in  fufficient  Quantity,    nor  fuddcn 
enough  to  ihake  its  Surface,  or  to  open  it  felf  a  Paifage  by  rendii^ 
it.    And  as  thefe  Vapours  are  fuddenly  produced  by  the  Fall  of  Water 
upon  the  Nitro-fulphureous  Fires  under  Ground,  they  might  well 
be  thought  to  get  from  thence  a  Tin^ure  which  migjit  diipofe  them 
to  ihine  in  the  Night,  and  a  TendeiK:y  contrary  to  that  of  Gravity ; 
as  we  find  the  Vapours  of  Gunpowder ^  when  heated  in  Vacuo^  to  flune 
in  the  Dark,  and  aJfcend  to  the  Top  of  the  Receiver,  thou^ezhaufied: 
The  Experiment  of  which,  I  faw  vtxj  neatly  performed  by  Mr.  J. 
WhUefide. 

Nor  ihould  I  leek  for  any  other  Cau&  than  this,  if  in  (bme  of 
thofe  Inftances,  particularly  this  whereof  we  treat,  the  Appearance 
had  nol  been  feen  over  a  much  greater  Part  of  the  Earth's  Suifuse 
than  can  be  thus  ao^nted  for.  It  having  in  this  laid  been  vifibfe 
from  the  Weft  Side  of  B^ehnd^  to  the  Confines  of  Ruffia  and  P^laad 
on  the  Eaft  (nor  do  we  yet  know  its  Limits  on  that  Side)  extendii^ 
over  at  leaft  thirty  D^rees  of  Longitude  i  and  in  Ladtiide,  from 
about  fiftf  Degree  over  aimoft  all  the  North  of  Eufope  i  and  in  all 

Places 
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Phces  exfaibitmg  at  the  fame  Timt  the  fame  wondrous  Circunrfbit:es 

^s  we  are  informed  by  the  Publiclc  News.  Now  this  is  a  Space  ipuch 
too  wide  to  be  fliaken  ac  any  one  Time  by  the  greatcft  of  Earthquakes, 
or  to  be  affefted  by  the  Perfpiration  of  that  Vapour,  which  being  in- 
cluded, and  wanting  Vent,  might  have  occafion'd  the  Earth  to  trem- 
l)le.     Nor  can  we  this  Way  account  for  that  remarkable  Particular  at- 

'  tending  thefc  Lights^  of  being  always  fccn  on  the  Northfidc  of  the 
Horizon,  and  never  to  the  South. 

Wherefore  laying  afide  the  explaining  thefe  Things  by  the  ordinary 
Vapours  or  Exhalations  of  the  Earth  or  Waters^  we  are  forced  to  have  ' 
Rccourfe  to  other  forts  of  Effiuvia  of  a  much  more  fubtile  Nature,  and 
which  perhaps  may  feem  more  adapted  to  bring  about  thofe  wonderful 
and  furprizingly  quick  Motions.  Such  are  the  Magnetical  Effwoia^ 
whofc  Atoms  freely  permeate  the  Pores  of  the  moft  folid  Bodies,  meet- 
ing with  no  Obftacles  from  the  Interpofition  of  Glafs  or  Marble  or  even 
Gold  itfelf.    Thefe  by  a  perpetual  Efflux  do,  fome  of  them,  arifc  from 

-  the^rts  near  the  Poles  of  the  Magnet,  whilft  others  of  the  like  Kind 
of  Atoms,  but  with  a  contrary  Tendency,  enter  in  at  the  fame  Part$ 

:  of  the  Stone,  through  which  they  freely  pafs  5  and  by  a  kind  of  Cir- 

*  culation  furround  it  on  all  Sides,  as  with  an  Atmofphcrc,  to  the  Di- 
ftajice  of  fome  Diameters  of  the  Body. 

That  the  Faft  may  be  the  better  comprehended,  I  (hall  endeavour 
to  exhibit  the  Manner  of  the  Circulation  of  the  Atoms  coiKern'd 
therein,  as  they  areexpofed  to  View,  by  placing  the  Poles  of  a  TtnlUty 
or  Spherical  Magnei^  on  a  Plane,  as  the  Globe  on  tfie  Horizon  of  a 
nght  Sphere :  Then  ftrewing  fine  Steel  Dud  or  Filings  very  tbia  oi> 
the  Plane  all  round  it,  the  Particles  of  Steel,  upon  a  continued  gentle 
knocking  on  the  underiide  of  the  Plane,   will  by  Degrees  conform 

wthemfelves  to  the  Figtires  in  which  the  Circulation  is  perfbrmM. 
Thusy  let  -rf  jB  C  D  be  a  Tenlky  and  its  Polca-rf  the  South,  and  B 
the  North ;  and  by  doing  as.prefcrib'd,  it  will  be  found  that  the  Fil- 
ings will  lie  in  a  Right  Line  perpendicular  to  the  Surface  of  the  Ball, 
when  in  tlie  Line  df  the  Magnetical  Axis  continued*  ^c  for  about 
forty-five  Degrees  on  either  Side,  from  B  to,  G  qt  /,  and  from  A  <o  Fig.  24* 
H  or  X,  they  will  form  thcmfelves  into  Curves,  more  and  more 
crooked  as  they  are  remoter  from  the  Poles ;  and  with^  more  ami 
more  oblique  to  the  Surface  of  the  Stone.  Hence  it  may  appe^  hgw 
this  exteeding  fubtile  Matter  revolves ;  and  particularly  how  it  per- 
meates the*  Magnet  with  more  Force,  and  ii>  giitaier  Qu^uuity  in  the 
€ircumi)okr  Parts,  entering  into  it  pn  the  one  Side»  and  emerging 
from  it  on  the  other,  under  the  fame  oblique  Af^Ies :  Whilft  in  the 
middle  Zone  about  C  and  i),  near  the  Magnet's  Equator  (if  I  may  ufe 
che  Word)  very  few>  if  any  of  thefe  Particks.  do  impinge,  and  tho^ 

very  obGquely. 

Now 
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Idnr  by  tnsny  and  verj  evident  Argmnents  it  ^pfi&tBi  tbat  <Mr 
^Mv  1/  £^r/iir  is  ao  odier  thaa  one  great  Magnet,  or  (if  I  may  be 
fldtow'd  to  alledge  an  Invention  of  my  own)  rather  two ;  the  one  k- 
cfaiiding  the  other,  as  die  Shell  includes  die  Kernel ;  for  fo  and  not 
olkerwife,  we  may  explain  the  Changes  of  the  Variattoii  of  the  Mag* 
ndticai  Needle.    It  fufices  that  we  may  fuppprt  the  iame  fort  of  CiN 
^cillation  of  fuch  an  exceeding  fine  Matter  to  be  perpetually  perf<Hined 
in  the  Earlb^  as  we  obferve  in  the  TereHa ;  which  fobtile  Matter  fredy 
^purvading    the   Fores   of  the  Earthy    and  entering  into  it  near  its 
SMrthern  Pole,  may  pals  out  again  into  the  Miber^  ^  the  iame  Di- 
jbmce  from  the  Northern,  and  with  a  like  Force ;  its  Diroftioa  faeisg 
ftill  more  and  more  oblique*  as  the  Diftanoe  from  the  Poles  is  greater. 
.Ti^  this  we  beg  leave  to  fuppofe^.that  this  fubtile  Matter,  no  other- 
ways  difcovering  itfelf^  but  by  its  Effedb  en  the  Magnetic  Needk, 
whoily  imperceptible^   and  at  other  Times  invifibfe,  may  Mm  and 
then,  by  the  Concourfe  of  fcveral  Caufes  very  rarely  coincident^  and 
to  us  as  yet  unknown,  be  capable  of  producing  a  fmall  Dc^ee  of 
Light  I  'perhaps   from    the  greater  Denfity  of  the  Matter^    or  the 
greater  Velocity  of  its  Motion :  After  the  fame  Manner  as  we  fee 
the  Effluvia  of  EieSric  Bodies  by  a  ftrong  and  quick  Erifiaon  emit 
Light  in  the  Dark  :  To  which  .fort  of  Light  thh  iJeems  to  have  a-g^ceat 
Affinity. 

*  This  being  a(k)w^d  me,  I  think  we  may  aflign  .a  Caufe  for  taasy  af 
theft  ftrange  Appearances,  and  for  fome  of  the  moft  difficuk  ta  acoouitt 
for  cftherwife ;  as  why  thefe  Lights  are  rarety  feen  my  where  fi&  but 
An  the  Norrii,  and  never,  that  we  hear  of,  near  the  £qua|:or :  As  alfo 
why  they  are  more  frequemly  feen  in  Icehtmi  Jtdi&.GraedtMl^  than  ia 
JVi^^i^,  though  nearer  the  Pifle  of  the  fTcrU.  For  the  Magncriod 
^dtes,  in  this  Age,  are  to  the  Wdtwafd  of  our  Meridian,  »d  moK  fe 
of  that  of  Iforwuy^  and  not  far  from  Greenland ;  as  jippears  by  the  Va- 
riation of  the  Needle  this  Year  obfaVd,  full  twelve  Degrees  m  Laaim 
to  the  Wisft. 

iTbe  ertft  Pofidon  of  tbe  luminous  BeasK  or  Siriie  fo  often  le- 
j>ettC€ld  that  Nighti^  wte  oocafimcd.  by  the  riTiag  of  the  Vapour  or 
lucklMatieri»&arly  p^pendicular  to  the  Eaith's  Surface.    For  that 
^ny  LineeMdtd  pespendiculaily  opoa  the  Suniace  of  the   Gk>be» 
*^11  appMr  isMfi:  to4he  Horieoii  o£ian  'Eye  .phcod  any  where  in  the 
Ikaie^fpherical  SupAticiess  as  fteA/rdeaioiiWas.in  a  Plaae*  -that 
Hhy  One  ^tfsftedift:  right  Angksto  %;  will  aiqaqar  to  be  Mrpcft- 
tfieuklr  >to  Ijhat  PIail(i<r<Ma  any  Pbimnihoreaf.    That  it  9m6l  be  ib 
In  theSjfl(dre»'  foa^Mty  Prof^^fidon,  not  wry  dfavious,  bycdeniQa- 
fti-iited  f^dm  VHip.  5.  ^tA.  i.  '^^iMi^^ph^t.   Bor  hy  rkl^U  Lines 
4MJft  -to  |}tt  Surfed  j^afs  ehnough  tk  Gtetw,  Mi|^  meelaag  wdth 
thofe  from  the  Eye,  they  form  the  Planes  of  Vertical  CSicica  Awe- 
to.    And  by  the  Converfe  hereof,  it  is  evident,  that  this  luminous 
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Matter  arofe  nearly  perpendicular  to  the  Earth's  Surface^  becailfe  it 
appear'd  in  this  ere6t  Pofition.  And  whereas  in  this  Appearance, 
thofe  Beams  which  arofe  near  the  Eaft  and  Weft,  as  £,  Af,  iV,  were 
furtheft  from  the  Perpendicular,  on  both  Sides  inclining  towards  the 
South,  whilft  thofe  in  the  North  were  diredly  upright :  The  Caufe 
thereof  may  well  be  explained  by  the  Obliquity  6i  the  Magnetical 
Curves,  making  ftill  obtufer  Angles  with  the  Meridians  of  the  9lfr- 
uUa^  as  they  are  further  from  the  Poles. 

Hence  alfo  it  is  manifeft,  how  that  wonderful  Cer&na  that  was 
■feen  to  the  Southwards  of  the  F^^/^^  in  the  Beginning  of  the  Night, 
and  fo  very  remarkable  for  its  tremulous  and  vibrating  Light,  was 
produced  \  to  wit,  by  the  Concourfe  df  many  of  thofe  Beams  arifing 
very  high  out  of  the  circumjacent  Regions,  and  meeting  near  the 
Zenith  :  The  Effiuvia  whereof  they  confifted  mixing  and  interfering 
one  with  another,  and  thereby  occafioning  a  much  ftronger,  but 
uncertain  wavering  Light.  And  fmce  it  is  ^reed  by  all  Accounts 
th^t  this  Corona  was  tinged  with  various  Colours,  'tis  more  than 
probable,  that  thefe  Vapours  were  carried  up  to  fuch  a  Height,  a$ 
to  emerge  out  of  the  Shadow  of  the  Earth,  and  to  be  illuftrated  by 
the  direA  Beams  of  the  Sun :  Whence  it  might  come  to  pafs  that 
this  firft  Corona  was  feen  coloured  and  much  brighter  than  what  ap- 
peared afterwards  in  fome  Places,  where  the  Sight  thereof  was  gone 
down  much  lower  under  the  Horizon.  Hence  too  it  will  be  eafily 
underftood  that  this  Corona  was  not  one  and  the  fame  in  all  Places,  but 
was  different  in  every  differing  Horizon  ;  exa&ly  after  the  fame  Man- 
ner as  the  Rainbow  feen  in  the  fame  Cloud  is  not  the  fame  Bow,  but 
different  to  every  feveral  Eye. 

,  Nor  is  it  to  be  doubted,  but  the  Pyramidical  Figure  of  thefe 
afcending  Beams  is  Optical:  Since,  according  to  all  likelihood,  they 
^re  parallel- fided,  or  rather  tapering  the  other  Way.  But  by  the 
Rules  of  Perfpeftive,  their  Sides  ought  to  converge  to  a  Point,  as 
we  fee  in  Paintings  the  Parallel  Borders  of  ftraight  Walks,  and  all 
other  Lines  parallel  to  the  Axis  of  Vifion,  meet  as  in  a  Center. 
Wherefore  thofe  Rays  which  arofe  higheft  above  the  Earth,  and  were 
neareft  the  Eye,  feem'd  to  terminate  in  Cufps  fufficiently  acute, 
and  have  been  for  that  Reafon  fuppos'd  to  reprefent  ^ears.  Others 
feen  from  afar,  and  perhaps  not  rifmg  fo  high  as  the  former,  would 
terminate,  as  if  cut  off  with  Planes  parallel  to  the  Horizon,  like 
truncate  Cones  or  Cylinders  :  Thefe  have  been  taken  to  look  like 
the  Battlements  and  Towers  on  the  Walls  of  Cities  fortified  after 
the  ancient  Manner.  Whilft  others  yet  further  off,  by  Reafon  of 
their  great  Diftance,  good  Part  of  them  being  intercepted  by  the 
Interpofition  of  the  Convexity  of  the  Earth,  would  only  ihew  their 
pointed  Topsj  and  becaufe  of  their  Shortnefs  have  gotten  the  Name  of 
Swords.  . 
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Nim  tht  Motion  of  ehfefe  Emm  fumilhM  u«  wiHi  4  ft»#  and  moft 
ardent  Argument  to  prove  the  diurnal  dotation  of  die  Aatth.  For 
thofe  Beanfi6  Whkk  rofe  up  t6  a  Pointy  and  did  tio€  pfefently  dif- 
appear^  btit  <?6ntimitd  for  fomc  Time,  had  nioft  of  them  a  fen- 
fible  Motion  from  Eaft  to  Weft,  contrary  to  that  of  the  Heavens  i 
the  bSggeft  and  talleft  of  them,  as  teinc  neareft,  fwifteft  y  aiid  the 
more  remote  and  (horter^  flower.  By  which  Mesis^  the  One  over- 
taking the  other,  they  would  fometimes  feem  to  meet  and  joftle; 
and  at  other  Times  to  feparate,  and  fly  one  another.  But  this  Mo- 
rion was  only  Optical,  and  occafionM  by  the  Eye  of  the  Spcfta- 
tor  being  carried  away  with  Earth  into  the  Eaft;  whilft  the  a- 
.  ceeding  rare  Vapour  of  which  thofe  Beams  did  confift,  being  raifed 
far  above  the  Atmofphere,  was  either  wholly  left  behind,  or  elfe 
followed  but  with  Part  of  its  Velocity,  and  therefore  could  not  fa|uc 
feem  to  recede  and  move  the  contrary  Way.  And  after  the  fame 
Manner  as  the  Stars  that  go  near  the  Zenith,  pafs  over  thofc  Verti- 
cal Circles  which  border  on  the  Meridian,  much  fwifter  than  tbofe 
Stars  which  are  more  diftant  therefrom  j  fo  thefe  luminous  ]^ys 
would  feem  to  recede  fafter  from  Eaft  to  Weft,  as  their  Bafes  were 
nearer  the  Eye  of  the  SpeAator  %  and  i  coniray  flower  as  they  wdt 
further  off. 

Nor  are  we  to  think  it  ftrange,  if  after  fo  great  a  Quantity  of 
luminous  Vapour  had  been  carried  up  into  the  JEtber  out  of  the 
Pores  of  the  Earth,  the  Caufe  of  its  Effervefcence  at  length  aba- 
ting, or  perhaps  the  Matter  thereof  confumed ;  thefe  EJkvia  ihouM 
m  length  fublide,  and  form  thofe  two  bright  Lamnue  which  wt 
have  defcrib'd,  and  whofe  Edges  being  turn'd  to  us,  were  capa- 
ble to  emit  (b  much  Light.  I  cbofe  to  call  them  Landn^^  bicaufe, 
without  Doubt,  tho'  they  were  but  thin,  they  fpread  Horizontally 
mrcr  a  large  TraA  of  the  Earth's  Surface.  And  whilft  this  luminous 
Matter  dropp'd  down  from  the  upper  Plate  to  the  under,  the  many 
little  white  Columns  were  formed  between  them  by  its  Defcent,  only 
vifible  for  the  Moment  of  their  Fall.  Thefe  by  the  Swiftncfe  with 
which  they  vanifll'd,  and  their  great  Number,  ftiewing  themlelTes, 
and  difappearing  without  any  Order,  exhibited  a  very  odd  Appear- 
ance )  thofe  on  the  Right  feeming  fometimes  to  drite  and  pulh  thofe 
on  the  left,  and  via  verfa. 

I  have  omitted  feveral  Particulars  of  lefs  Moment :  But  thefe  are 
the  principal  Pbienamena ;  of  whofe  Caufes  I  (hould  have  widi 
more  Certainty  given  my  Thoughts,  if  I  had  feen  the  whofe  from 
Beginning  to  End ;  and  could  have  added  my  own  Remarks  to  the 
Relations  of  others  ;  and  efpecially,  if  we  could  by  any  Means 
have  come  at  the  Diftances  thereof.  If  it  ftiall  by  any  be  thought  a 
hard  Suppofltion  that  I  afliime  the  Effluvia  of  the  Magnetical  Mat- 
ter for  this  Purpofe>  which  in  certain  Cafes  may  themfelves  become 

luminousy 
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J  luminous,  or  rather  may  fometimes  carry  with  them  out  of  the  Bbn^* 
^  €ls  of  the  Earth,  a  fort  of  Atoms  proper  to  produce  Light  in  the 
J  Mtber.  I  anfwer,  that  we  are  not  as  yet  acquainted  with  ahy  other 
^  Kinds*  of  £^«i^/tf  of  terrtrftrial  Matter,  which  may  ferve  for  oor  Pur- 
j  pofe,  than  thofe  we  have  here  confider^d,  w«.  the  magnetlcal  Atbm5> 
^  and  thofe  of  Water  highly  rarifitd  into  Vappur.  Nor  do  we'  find 
^  iuiy  Thing  like  it  in  what  we  fee  of  the  ccleftial  Bodies,  unlefe  it  be 
i,  •the  Effluvia  projefted  out  of  the  Bodies  of  Comets  to  a  vaft  Height, 
*  and  which  feem  by  ^lVis  ientrifuga  to  fly  with  an  incredible  Swift- 
';  nefs  the  Centers  both  of  the  Sun  and  Comet,  and  to  go  off  into 
Tails  of  a  fcarce  conceivable  Length.  What  may  be  the  Cbnftitu- 
^-  tion  of  thefe  Comctical  Vapours,  we  Inhabitants  of  the  Earth  can 
'  know  but  little,  and  only  that  they  arc  evidently  excited  by  the 
'■  Heat  of  the  Sun  ;  whereas  this  Meteor  feJdom  is'feen  but  in  the  Fo- 
'  lar  Regions  of  the  World,  and  that  moft  commonly  in  the  Winter 
^       Months. 

I   beg  Leave,  on  this  Occafion,  to   mention  what,  near  25   Years 
'       fmce,    I  publifti'd  in  N^   ^95  t  of  \^k  tranfaaions^    viz.     That  f  ^'V.  Supni> 
^       fuppofing  the  £<jr/i&  to  be  concave,  with  a  leffer  Globe  included,  in  V. II. CIV. 
^       order  to  make   that    inner  Globe   capable  of  being  inhabited^  there  P'^* 5- 

might  not  improbably  be  contain'd  iome  luminous  Medium  between 

^       the  Balls,  fo  as  to  make  a  perpetual  Day  below.     That  very  great 

^        Trafts  of  the  ^therial  Space  are  occupied  by  fuch  a  f^nmg  Mediumy 

f        is  evident  from  former  Inftances  *.     And  if  fuch  a  Mfdium  fliould  •  yid^  Supra 

'        be  thus  inclofed  within  us,  what  Ihould  hinder  but  that  we  may  fop-  C  III.  S.  V. 

^        pofe  that  fome  Parts  of  this  lucid  Sut^nce  may^  on   very  rare  arid 

I        extraordinary  Occafions^  tranfbde  through  and  penetrate  the  (krte^  of 

'        our  Earth  J  and  being  got  loofe,  may  afford   the  Matter  whereof  this 

'        our  Metior  confifts.     This  feems  favoured  by  one  confiderable  Cir- 

!        cumftance,  viz,  that  the  Earthy  becaufe  of  its  diurnal  Rotation,  being 

n^ceffarily  of  the  Figure  of  a  flat  Spher&id^  the  Thicknefs  of  the  Cor- 

texy  in  the  P<?/^r  Parts  of  the  Globe,  is  confiderably  lefs  than  towards 

the  Equator  \  and  therefore  more  likely  to  give  Paffage  to  thcfe^Va- 

pours :  Whence  a  Reafon  may  be  given  why  thefe  Lights  are  always 

leen  in  the  North. 

2.]  At  Park^  the  Light  was  fo  inconJSderable^  that  it  was  not  fe-  j  Difiriptum 
garded  :    But  a  Letter  to  Mr.  JieMnier  Geekiey    Sprgconj  dated  on  of  the  {smt 
Board  a  Ship  in  Nevis  Road  in  Jmerics^  jipril  19,  1716,  informs  us.  Phenomenon 
'^^  That  on  the  flxth  of  Marshy  at  Nine  a  Clock   in   the  Evening, -^^'•'•'^'9' 
^^  we  being  then   in   the   Latitude   of  45^  ^^^(off'  of  the  N.  W.  J^^'o"'^^ 
"  Coaft  of  Spain)  5    A   clear  Cloud  appcarM  Eaft   to  us,    not   far 
^^  diftant  from  our  Zenith,  which  afterwards  darted  itfelf  forth  in- 
^*  to  a  Number  of  Rays  of  Light,  every   wiy   like  the  Tail  of  a 
"  Comet,   of  fuch  a  great  Lengthy  that  it  feach'd  withih  a  ihort 

4  L  2  •«  Way 


^52  Surprizing  Lights  in  /be  Air. 

*♦  Way  pF  the  Horizon.  There  likewife  appear'd  a  Body  of  Lighr,^ 
^'  N.  N.  E.  of  us,  and  continued  as  light  sumoft  as  Day,  till  after 
^*  12  a  Clock.  It  appear'd  at  a  good  Diftance  from  us,  and  darkened 
^*  on  a  fudden. 

Hence  it  fhould  fcem,  that  the  Vapour  which  caufed  this  Appear- 
ance, arofe  indifferently  out  of  the  deep  Ocean  Sea,  as  well  as  from  the 
I^and ;  by  which  we  may  conclude  the  great  Subtilty  of  the  Matter 
thereof,  fince  it  could  permeate  fo  great  a  Quantity  of  Water,  and  ycc« 
retain  its  Velocity* 

J  return  of  3.]  Since  this,  moft  of  the  fame  Pbanomena  have  been  repeated  three 
/^^(amc,ii/V.  fcveral  Nights  fucccffively,  viz.  on  the  laft  of  Marcb^  and  firft  and 
fecond  of  Jpril.  The  beft  and  fulled  Defcription  of  the  two  firft,  is, 
from  a  Letter  of  Dr.  5,  Taylor^  ditfed  ^Ipril  2,  from  Cottrftockj  near 
OundU  in  Nortbamptonfbire^  who  thus  dcfcribca  them.  **  On  Saturdaj 
•*  Night  laft,  and  laft  Night,  I  faw  Appearances  of  the  fame  Kind, 
•*  with  thofe  of  March  6,  but  not  to  compare  for  Extent  and  Strength. 
"  They  both  began  foon  after  Sun-fet,  and  continued  till  after  12,  but 
"  how  much  longer,  I  cannot  tell.  They  were  both  about  10  or  15 
"  Degrees  to  the  Weftward  of  the  North,  and  took  up  about  80  De- 
"  grces  of  the  Horizon  ;  and  the  Aurara  rofe  about  30  gr.  high,  with 
^*  a  dark  Bottom,  like  what  was  feen  in  the  firft  ;  and  from  whence 
**  there  fprung  out  fevcral  Bodies  of  Light,  which  immediately  ran  in- 
•*  to  Streams,  afcending  about  30,  or  at  moft  40  gr.  high.  There 
"  was  no  flafhing  nor  waving  Light,  but,  in  all  other  Rcfpcfts^  thefe 
*•  Lights  were  of  the  fame  Kind  with  what  we  faw  at  I/md(m.  Indeed 
*^  in  that  laft  Night,  there  was  one  Pbicnomenon  like  the  flafhing  Light ; 
*•  for  a  Body  of  Light  about  15  or  20  Degrees  long,  parallel  to  the 
"  Horizon,  rofe  till  it  came  about  6  Degrees  above  the  black 
*'  Bafis,  and  then  fent  up  two  ftrong  Streams  of  Light  about 
^'  40  gr.  high,  which  at  Top  dafh'd  againft  one  another,  and  difap- 
«  pcarM. 

At  London^  the  firft  Night,  Marcb  31.     It  did  not  begin  to  radiatt> 
till  towards  Midnight,  and  was  feen   but  by  few,  the  Beams  not  rifing 
very  high,  and  fcarce  appearing  oyer  the  Houfes  ;  but  by  the  Relation 
of  thofe  that  faw  it,  it  was  much  more  confiderable  than  the  next  Night 
following  Eafter-day  ;  for  it  then  fent  out  but  few,  and  very  Ihort 
^  Beams,  moftly  terminating  in  a  fliarp  Point,  and  prefently  di(aj^)ear- 
ing :  Only  it  beginning  to  ftream  as  foon  as  it  became  dufky,  it  was 
very  obfcrvable,  that  thofe  Rays  which  arofe  out  of  the  Weft-end  of 
the  luminous  Arch,  next  the  Sun,  were  enlightened  by  its  Beams,  and 
ihewM  themfelvcs  much  brighter  than  thofe  which  arofe  under  the  Pole, 
or  to  the  Eaftward  thereof.     And  after  nine,  till  Midnight,  no  more 
Beams  arofe  -,  and  the  luminous  Arch  with  its  black  Bafxs,  fettled  down 
very  low  in  th^  Northern  Horizon.  ^ 
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The  fame  two  Nights,  by  the  Obfervation  of  Mr.  WiUiam  Ungen^ 
the  like  Appearance  was  fecn  at  DubUn^  about  the  Hours  of  nine  or  ten  5 
at  which  Time,  in  the  former  Night,  it  was  near  as  light  as  in  a  Moon- 
light  Night.  And  from  France^  we  have  an  Account,  that  both  thofc 
Nights,  the  fame  was  feen  at  Paris^  with  much  the  fame  Circumftances 
as  at  Dublin.  So  that,  it  feems,  this  Meteor,  though  no  Ways  compa- 
rable to  that  of  the  6th  of  March ^  was  feen  not  lefs  than  150  Leagues, 
and  probably  much  farther. 

On  April  2.  when  it  began  to  be  dark,  a  luminous  Arch  appeared  in 
the  North,  with  a  very  narrow  bjack  Bottom  under  it,  very  low,  and 
deprefsM  to  the  Horizon ;  nor  was  it  feen  at,  or  about  Ltrndon^  to  pro- 
jcft  any  pointed  Rays  as  the  former. 

But  what  was  molt  remarkable  that  Evening,  was,  what  was  feen 
at  London^  by  Martin  Folkesy  Efq;  about  nine  that  Night.  He  being 
then  in  the  open  Air,  faw  in  an  Inftant,  a  bright  Ray  of  very  white 
Light,  appear  in  the  Eaft,  out  of  the  pure  Sky,  then  very  fercnc 
and  ftill ;  it  very  much  refembled  the  Tail  of  a  Comet,  and  was 
about  20  gr.  inclined  from  the  Perpendicular  to  the  Right,  begin- 
ning about  y  of  Bayer  in  the  Corona  Borea^  and  terminating  about 
the  Informs^  by  fome  caird  Cor  CarolL  This  having  appeared  but  a 
very  little  Time,  di&ppear'd  at  once,  as  in  a  Moment :  When,  on 
a  fudden,  fuch  another  Beam  was  inftantly  produced,  not  exactly 
in  the  fame  Place,  but  in  the  fame  ::ituation.  Its  lower  being 
about  20  gr.  high,  was  terminated  exactly  between  x  and  y^  in 
the  Right  Hand  and  Arm  of  Hercuks^  and  the  Middle  of  it  pafs'd 
over  a-  and  ^  in  the  Girdle  of  Bootes^  and  thence  proceeded  Weft- 
wards,  leaving  Cor  Carols  four  or  five  Degrees  to  the  Northwards. 
After  it  had  continu'd  in  this  Polition  near  ten  Minutes  immoveable 
among  the  Stars,  it  b^an  to  move  flowly  towards  the  North :  And  the 
lower  End  paffing  over  the  Northern  Edge  of  the  Crown^  and  the  Ray 
itfclf  over  Car  CaroU^  it  grew  fainter,  and  vanilh*d,  having  continued 
in  all  about  20  Minutes.  This  latter,  with  fome  Interruptions,  was 
extended  between  Caftor  and  Pollux^  very  far  into  the  Weft :  And  about 
that  Time,  the  fame,  or  fuch  another  Beam,  was  fee^i  at  St.  jfapby  by 
Dr.  Stanley. 

XXVII.  I.]  On  February  5 J  1 716-17,  at  eight  at  Night,  at  iSi^//^^  ii/ TWNorthem 
Hone  in  Kent^  an  Aurora  BareaUs  appeared.     It  occupied  at.  leaft  f  or  Auroras  >?« 
near  |  of  the  Horizon  ^  it  was  low,  and  Ihot  out  bright  Rays,  and,  I  ^^^/jl^' 
believe,  would  have  appeared  very  light,  had  it  not  been  that  the  Moon  ejSotcI.  n.* 
jihone  at  the  fame  Time,  being  about  five  Days  old^  and  that  the  Aurora  351.  p.  584. 
dilappear*d  before  the  Moon  fet. 

Again,  on  the  30th  of  March  following,  there  was  another  Aurora 
Borealis.  I  faw  it  not  till  paft  nine :  'Twas  dim  then,  and  its  higheft 
Part  covered  the  lowcft  Star  in  Caffiopea^s  Chair.    It  did  not  fccm  due 
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^tjMki  but  AM  Point  Xf>  the  Wd^.  About  un  it  (hot  out  very  brig^ 
iUyP»  high,  and  cwdiBg  fomcwhat  tow«r4s  ope  another.  Near  deveo 
a  Q^^  (here  wsu  (befidf^s  the  Northn^  BrighQiers)  »  long  Streak, 
MH  y«ry  bro9<l9  eiafndcd  f^  ai)4  Weft  5  which  begiiuiin^  in  the 
%irp^i  Hfad^  M9X  Her^ksU  CM^  m^  covering  AfSmtuSj  proceeded 
xm^  B^rmee^s  H^ir^  and  fo  went  q^tv  Q^r  ls$ms^  and  chjsnce  to  the 
<^mti^%  and  ended  a  little  beyond  t^  Scar.  It  (hone  very  briglit 
at  firft,  but  faded  away  in  about  eight  or  nine  Miamrs.  If  ic  had 
Motion  (which  J  am  not  fijre  of)  it  wa*  fouthw^y-d,  I  waited  for  the 
9SM  Fit  of  Brightpefa  of  the  Aur(nr4 ;  and  in  about  f^ven  Minotcs» 
tbfi  eafiern  Part  of  the  Streak*  ^>.  *from  the  Serpini's  Head  to  near 
Berenice's  Hair^  became  vifible  again^  though  dim,  and  was  quite  eSaced 
in  four  or  five  Minute3  more :  And  I  did  not  yet  perceive  any  Change 
9f  its  Place. 

—one  e/ihem     2,]  Being  in  the  Street,  between  eight  and  nine  ^  Clock,  on  March 
feen  at  Lon-   g,  1717, 1  pcrccivM  a  Light  over  the  Houfes  to  the  North  wards,  litdc 

FcSkw  ^fi  ^^^^^^^^  ^^  ^^  ^  P"'^  '^^^  8*^^  "^^^^  ^  fi^  ^^^'    Upon  this,  I 

n.352.p. 586. nwde  all  the  Hafte  I  could  into  the  Fields,  where  I  was  for  fomc Time 

entertainM  with  the  Sight  of  an  Aurcra  Bortalis^  attended  with  moft  of 

the  Pbanemena  of  that  very  remarkable  one  of  the  6di  of  Attrtb 

^715-^6. 

The  whole  Northern  Part  of  the  Horizon  was  in  the  fame  Manner 
covered  with  fomewhat  refembling  a  very  black  Cloud,  from  behind 
which,  there  iflued  a  confiderable  Light,  vvhofe  )pwer  Part  was  pretty 
well  defined  by  the  common  Edge  of  the  Cloud,  but  the  upper  died 
away  more  gradually.  This  upper  Limb  of  the  I^gkt  refembling  the 
Arch  of  a  Circle,  whofe  highefl:  Point  between  nine  and  ten  of  the  Clock 
(when  the  Meteor  was  moft  confiderable)  was  ekvaced  about  i  a  Dorses, 
and  bore,  as  I  imagined,  about  20  Degrees  weftward  of  the  due  Noitfa. 
It  touchM  the  Horizon  in  the  Weft,  at  the  Diftance  of  about  65  or  70 
Degrees  from  the  North,  whence  the  whole  intercepted  Arch  of  the 
Horizon  would  have  been  of  near  100  Degrees,  had  not  fome  few  De- 
gree in  the  £aft  been  hid  by  Clouds,  which  lay  between  us  and  die 
Meteor. 

The  feeming  black  Cloud,  when  I  firft  faw  it,  ran  nearly  parallel  to 
die  Horizon,  and  at  the  Diftance  of  6  or  7  Degrees,  but  in  about  Half 
an  Hour,  it  changed  its  Figure  very  much^  finking  down  in  theMoith 
ta  about  half  its  Height^  and  rifing  in  the  Weft  near  as  much.  What 
1  principally  took  Notice  of  this  for,  was,  that  the  Light  ifluing  firom 
behind  it,  did  not  change  with  it,  but  remain'd  of  the  fame  Figuic^ 
however  the  Cloud  approached,  or  receded  from  differing  Parts  of  io 
Limb*. 

There  arofe  at  firft,  fome  Streams  in  the  N.  N.  W.  but  of  no  con- 
fiderable Lengthy  few  of  them  pacing  5  Degrees  above  die  Arch ;  but 
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beginnJrtg  frtfirt  behind  the  fecming.  Cload,  fo  a^  t&  be  Hbbvtt  t^ 
Degrees  high  in  all.     They  were  pointed  at  the  Ends,    and  neafly 
Vertical  to  the  Horizon.     Between  Times  there  was  nothing  but  thq 
Arch  to  ht  feert,  and  that  only  refembling  a  common  Aurora  j  and 
again  in  an  Inftant,  by  a  fort  of  a  tremulous  Motion,  ieveral  Parts 
of  it  would  appear  converted  into  a  Vaft  Number  of  parallel  Streams, 
for  the  moft  Part  very  little  higher  than  the  Arch  itfelf.    About  lo 
Minutes  before  Ten,  a  fmall  Part  of  the  Arch,  almoft  due  Ndftfi, 
grew  remarkably  lighter  than  the  reft,  and  continued  to  increftfe  for 
dbout  half  a  Minute ;   when  there  fuddenly   broke  out  fome  tefjr  v 
tall  Streams  of  at  leaft  60  Degrees  high,  as  1  found  by  one  in  par- 
ticular, which  arofe  full  North,  and  paffing  over  the  Pole  St^  itfelf, 
reached  fome  Degrees  beyond  it.     This  was  the  moft  remarkable 
Time  of  the  Appearance  \  fome  fuch  Lances,  though  not  fo  high. 
Immediately  fhooting  out  of  the  Place  that  firft  of  all  radiated,  as 
did  fome  more  a  good  way  to  the  Eaft.     They  were  all  nearly  per- 
pendicular to  the  Horizon,  and  moft  of  them  did  arife  quite  fronl 
the  black  Subftance  at  Bottom,  tho'  I  faw  fonie  few  that  did  not 
reach  fo  low,  appearing  as  if  their  lower  Parts  had  been  broken  off. 
Some  of  them  were  full  as  bright  as  any  I  faw  the  laft  Year,   the 
Axes  (if  I  may  fo  call  them)  of  fome  of  the  talleft  Streams  coming 
up  very  near  to  the  Colour  of  that  pale  Fire  we  fee  in  fome  Sorts  or 
Lightning. 

About  this  Time  the  Ground  Weftward  was  all  covered  with  an  odd 
fort  of  Mift,  the  fame  from  which  I  remember  laft  Year,  a  great 
many  People  faid  there  came  an  ill  Smell,  which  I  did  not  at  all  per- 
ceive. 

About  10  the  Pb^enomenm  very  much  decreased,  and  fo  continued  till 
after  1 1,  only  fending  up  now  and  then  two  or  three  Streanw  ;  at  half 
an  Hour  after  1 1  it  was  again  pretty  much  increased,  and  I  faw  it 
again  fend  out  fome  Streams  almoft  as  confideraUe  as  I  had  before  feen 
this  Evening ;  the  Arch  yet  continued,  but  not  fo  entire  5  and  from 
what  I  could  judge,  its  middle  was  fome  Degrees  nearer  the  North, 
than  when  I  firft  took  Notice  of  it.  Till  a  Quarter  of  an  Hour  before 
12  the  Light  continually  abated,  and  then  I  left  it ;  but  I  was  informed 
that  it  continued  till  towards  Day-break,  but  never  ftreamM  remarkabljf 
after  I  went  away. 

Though  I  could  not  this  Time  fee  any  Stars  thfoogh  the  black 
Matter  at  Bottom,  I  am  fenfible  it  was  not  a  Cloud,  though  k  bore 
the  Refemblance  of  one  :  For  when  a  feai  Cloud  (as .  feveral  fmall 
ones  did)  came  over  any  Part  of  it,  their  Difference  wa*  very  corifpi- 
cuous. 

I  have  fincc  received  two  Letters,  one  from  ff^Jbkb  in  the  Ifl^  of 
£$p,  the  other  from  within  14  Miles  of  the  Saib^  both  which  take 
Notice  of  it,  though  with  no  further  Particulars,  than  that  they  had 
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feen  the  fame  Light,  tho'  not  confiderable,  as  in  the  Beginning  of 
M^Pdh  the  lad  Year. 

'AnAce9mt9f  XXVIII.  On  the  19/iof  March  17 18-19,  a  wonderful  Luminous 
***^*U^^'  Meteor  was  feen  in  the  Heavens  all  over  England.  Some  of  its 
C^Z*f  ^r^'  Pb^tnomena  are  very  hard  to  account  for,  according  to  the  Notions 
E.  Hallcy.  hitherto  receiv'd  by  our  Naturalifts;  fuch  is  the  very  great  Height 
n.  360.  p.  thereof  above  the  Earth ;  the  vaft  Quantity  of  the  Matter ; 
97^'  the  extravagant    Velocity  wherewith   it    mov'd  j   and    the    prodi^- 

ous  Explofions  heard  at  fo  great  a  Diftance,  whofe  Sound,  at- 
tended with  a  very  fenfible  Tremor  of  the  fubjeft  Air,  was  cer- 
tainly propagated  through  a  Medium  incredibly  rare,  and  next  to  a 
Facuum. 
+  FiJ.  Su-  I  have  formerly  f  colleftcd  what  I  could  find  of  fuch  Meteors, 
pra.  p.  135.  jjm  ^Qjjg  fggjj^  ^Q  come  up  in  any  Circumftance  to  this  late  Appear- 
ance ;  of  which  I  Ihall  give  an  Account  from  the  many  Relations  there- 
of communicated  to  the  Royal  Society  \  tho*  it  was  not  my  good  Fortune 
to  fee  it  myfelf. 

Sir  Hans  Sloan  being  Abroad  at  that  Time,  happened   to  have  his 

Eyes  tum'd  towards  it,  in  its  very  firft  Eruption  ;  and  gave  me  an 

Account  of  it  in  the  following  Terms  :     "  That  pafling  along  Eaft- 

**  ward  by  the  N.  E.  Comer  of  SotUbampton^ftreet  in  Bkamjbufy-Squan^ 

"  LandoHy  at  about  a  quarter  after  Eight  at  Night,  I  was  furpriz'd  to 

*'  fee  a  fudden  great  Light,  much  beyond  that  of  the  Mood,  which 

**  fhone  then   very   bright.    I  turn'd   to   the  Weftward   where  die 

^^  Light   was ;  which  I   apprehended   at   firft  to  be   ardficial  Fire- 

**  works  or  Rockets.    The  firft  Place  I  obferv'd  it  in,  was  about 

•*  the  Pleiades  Northcriy,  whence  it  mov'd  after  the  Maimer  of,  but 

*^  more  flowly  than  a  falling  Star,  in  a  feeming  direft   Line,    de- 

•*  fcending  a  little  beyond,  and  withal   below,  the  Stars  in  Otiats 

*•  Beh^  then  in  the  S.  W.     The  long  Stream  appeared  to  nie  to  be 

*'  branched  about  the   Middle,   and  die  Meteor  in  its  Way  tum'd 

*'  Pear-fafhion'd,  or  tapering  upwards.     At  the  lower  End  it  came 

^'  at  laft  to  be  bigger  and  fpherical,  tho'  it  was  not  fo  big  as  the 

**  Full    Moon.     The  Colour    of  it  was  whitilh,    with   an  Eye  of 

•'  Blue,   of  a  moft  vivid  dazling  Luftrc,   which  feem'd   in  Bright- 

**  nefs  very  nearly  to  refemble,  if  not  furpafs  that  of  the  Body  of 

^'  the  Sun  in  a  clear  Day,  beheld  by  the  naked  Eye.    This  Bright- 

••  nefs  obligM  me  to  turn  my  Eyes  (which  had  their  Pupils  adapted 

**  to  the  Light   of  the  Moon)  from    it  feveral  Times,    as    well 

**  when  it  was  a  Stream,    as    when  it  was  Pear-fa(hion'd  and  a 

•*  Globe  5  tho*  I  had  a  great  Curiofity  to  obferve  it  with  Attention. 

^^  It  feem'd  to  move  in  about  half  a  Minute  or  lefs,    about  the 

*'  Length  of  20%  and  to  go  out,  as  I  guefs*d,  about  as  much  a* 

.*«  bove    the  Horizan«    There   was  left  behind  it,    where    it  had 

^  '  «  pafi'd 


^  pafs^d,  a  Track  c^  a.  cloudy  or  faint  reddith  ydVm  Q>l9WV  ^h 
^^  as  red-hot  Iroo  oc  glo^mig  Co^df  have,  ^  which  remfiqk'd.  iQ9«i.  tbw 
<^  a  Minttte^  fcem'd  to  fparklcj  and  kept  its  Phqt  wtthq^)  fajlin^ 
*^  This  Track  was  incejrrupted^  or  had  a  Chafm  tow^ds  itft  uppor  ^ 
*^  Endt  and  about  oufpTiufids  of  its  Length.  I  ^d  not,  hfV  anf  ' 
«^  Noife  it  made,  but  the  Place  where  the  Globe  of  LightrhAi.  hsen* 
^<  remained  after  it  was  e](tinft,  of  the  fame  reddifli  yellf^WiCpl^uc 
*«  with  the  Stream  for  fome  Time,  and  at  firft  fome  Sparks  foem'd 
<<  to  ifliie  from  it,  fuch  as  come  from  red-hpt  Iron  beatt^  Qx>.an 
«♦  Anvil. 

All  the  Relations  agree  in  this,  that  th$  Splend^  waa  litjth  i^forior 
to  that  of  the  Sun ;  that  within  Doors  the  Cafi^l^^,  gaye  no  Mftcmer  of 
Light!  and  in  the  Streets,  not  only  all  the  S$ar4  difs^pear^dy  but/th^ 
jllb^  then  nine  Days  old,  and  high  towards  the  Meridian,  the  Sky  being 
very  clear,  was  fo  far  eflPaced  as  to  be  fcarce  feen,  at  les^  not  to  caft  a 
Shade,  even  where  the  Beams  of  the  Meteor  were  intercepted  by  the 
{ioufes :  So  that  for  fome  few  Seconds  of  Time,  in  all  refpeA^it  i^* 
fembled  perfcft  Day. 

The  Time  when  this  happened  was  generaUy  reckoned,  at.  a  Quarter 
paft  Eight;  but  by  the  accurate  Account  of  the  Ri^verend  Mr« 
Pdiatd  (who  only  faw  the  Light)  agreeing  with  what  haa  b^n  feoc 
us  from' the  Ptff^ff  Obfervatory,  it  apjpears  to  have  been  a6  8^  8^ 
apparent  Time,  at  Lamhn.  And  the  Sun  being  then  in  Ps;^!  of 
jfrus,  the  right  Aicenfion  of  the.MidrHeaven  was.  130^.  4s'i  where^ 
by  the  P^ofition  of  the  Sphere.of  fix-d  Stars  is  given.  Hence. the Z«^ 
Jda  Pleiadum  will  be  found  at  that  Time  to^  have  beM  25$  gr.  high, 
in  an  Jzitmah  d  |r.  to  the  North^Kwd  of  the  Weft,  and  coni^uently 
the  Arch  the.  Meteor  movfd  in,  was  indin'd  to  the  Horizon  witl| 
an  Angle  4>f  about  27  jn  having  its  Node  or  IntttrfiBftion  therewith^ 
nearly  South  £ouib  IF^i  as  will  more  plainly  appear,  fiom  what  fol* 
lows : 

At  O^^dj  five.  Minutes  earlier,  Mr.  Jolm  Wbitefide.  Keeper  of 
the  AJkmU  Mufiemny^  immediately  after  the  Ettin&ion  of  the  Me- 
teor, made  Hafte  out.  to  fee  wh^  it  might  be,  and  well  coniider'd 
the  Situation  of  the  Track  it  had  left  in  the  Sky  :  He  found  it;  to 
have  pa&M  about  li  Degree. above  the.  pneceding  Shoulder  of  Qrion^ 
and  s^ut  3i  gr.  above,  th^  middle fof  his  Beli^  where  there  appeared 
a  luminou&.iViriaair/(f  .of  a  rcddilbt  Lights  being  a  Dilatation  of  the 
Track,  feeming  to  havcibeen  occafiqn'd  byfom^  Explofion  there  $ 
and  by  what. he^  could  learn»  ftomi  thofe  that*  faw  it»  it  was  there^ 
about. that4t  brol^e  out,  and  fii^l  begao  to  efface  the..Stacs«.  Hence 
it  proceeded  as  to  Senfe  in  an  Arch  of  a  ^eat  Qrde,  and  pafllng 
in  the  middle  ^between  the  Tail  oi,L€pus{^  Bayaio)  and  fi.  in  the 
Fore*foot  of  dmis.nuyary  it  termmattd  iabout  |  in  the.  Bieaft:  of  the 
iaine^  nearly  in.  ^s  gT^  of.  Baght^AfosnfioD,,  with  23  gr^  South  De- 
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clination :  and  at  the  Place  of ,  its  Extih£tioti  there  remained  a  larg^ 
whitilh  Netula^  much  broader  and  of  a  ftronger  Light  than  the  reft  of 
the  Track,  which  he  took  for  a  certain  Sign  of  a  very  great  Expk>- 
fion  made  there.  By  Computation  it  will  be  found  that  the  Angle  this^ 
Track  made  with  the  Horizon  of  Oxford  was  neareft  40  gr.  and  its 
Interfe6lion  due  S.  S.  W  ^  and  that  the  Place  of  its  Eztindion  was 
about  9  gr.  above  the  Horizon,  in  the  Azimuth  of  32  ^.  to  the 
Weft. 

At  Warcefter^  Mr.  Nicholas  Fatio  faw  this  Meteor  defcend  obliquely 
towards  the  South,  making  an  Angle  with  the  Horizon  of  about 
65^^  and  interfering  it  about  S.  S.  W.  |  <S.  as  may  be  cdlteAed  from 
a  Scheme  thereof  fent  up  by  him  to  the  Royal  Society.  By  this  the 
Track  left  all  Orion  and  Cards  major  to  the  Weftward,  and  divided 
the  Diftance  between  Sirius  and  Procyon^  fo  as  to  be  almoft  twice  as 
far  from  Procyon  as  Syrius.  The  Time  here  was  one  Minute  before 
Eight,  this  City  being  about  9'  of  Time  to  the  Weft  of  Lmdon^ 
and  confequently  the  Right- Afcenfion  of  the  Mid*Heaveii  1283 
gr. 

Now  the  Situation  of  the  three  Cities,  London^  Oxford^  and  fFor- 
Cifier  being  nearly  on  the  fame  W.  N.  W.  Point,  whereon  the  Track, 
of  the  Meteor  had  its  greateft  Altitude  above  the  Horizon,  equal  to 
the  Angle  of  its  vifible  Way.;  if  we  fuppofe  it  at  London  to  have 
been  27  gr.  high,  and  at  the  fame  Time  at  H^orcefter  to  be  65  gr^ 
high,  in  the  Plane  of  the  Vertical  Circle  pafling  through  London  and 
fVorceflir\  fuppofing  likewife  the  Diftance  between  them,  to  be  90 
Geographical  Miles,  or  one  Degree  and  half  of  an  Arch  of  a  great 
Circle  of  the  Earth,  we  may  by  a  Trigonometrical  Calcuks  find  the 
perpendicular  Height  to  have  been  64  fuch  Miles ;  and  the.  Point 
over  which  it  was  then  perpendicular  to  have  been  30  fuch  Miki 
W.  N.  W.  from  JVorcejtcr.  And  the  Geographical  Mile  to  the 
EngUJh  Statute  Mile  being  as  23  to  20,  this  Height  will  be  tKk 
lefs  than  73  {  EngUfl^  Miles.  The  Place  alfo"  direftly  under  iti  will  be 
found  to  be  about  Preftain  on  the  Confines  of  Hereford  and  Radnor- 
Shires.  Tht  Oxford  Obfervation  too  concurs  nearly  in  the  fame  Con- 
cluftoni. 

This  Altitude  being  added  to  the  Semidiameter  of  the  Earth  as  Ra- 
diuSj  becomes  the  Secant  of  eleven  Degrees,  fo  that  the  Meteor  might 
be  feen  above  the  Horizon  in  all  Places  not'  more  than  220  ILcxgoncs, 
diftant  from  it.  Whence  k  will  not  be  ftrange  that:  it  fhould  be  fcen 
over  all  Parts  of  thelflands  of  Great  Britain  and  Ireland^  over  all  Hoi- 
landy  and  the  hither  Parts  of  Germarrfi  France  and  Spain^  at  one  and 
the  fame  Inftant  of  Time. 

Having  thus  fix^d  one  Point  in  the  Line  of  its^Mgtion^  let  m 
fee  what  Courfe  the  Meteor  took  from  thence;,  and  firft  at  the 
Town  of  Kirtty-Stepbens^  on  the  Borders  of  TorkUrire  and  Wefimorfand^ 
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In  a  Meiidian  very  little  to  the  Weftward  of  W^rafiir^  but  about  2|  : 
^.  more  to  the  North,  it  was  obfervM  to  break  out  as  from  a.duflcy 
Cloud,  direAIy  under  die  Moon,  and  from  thence  to  defcend,  nearly 
in  a  Perpendicular,  almoft  to  the  Horizon.  Now  the  Moon  being'  at 
that  Time  in  the  third  Degree  of  Leo^  was  about  half  an  Hour  paft  the 
Meridian,  and  confequently  much  about  a  Point  to  the  Weft/ or  S.^by 
W.  and  the  Situation  o(  Prffiain  from  Kirkty-Siepb^ns^  being  fufficiently 
Hear  upon  the  fame  Point,  it  follows,  that  the  DireAion  of  the  Track 
of  the  Meteor  was  accprding  to  the  great  Circle  palTing  over  thofc  two 
Places. 

And  this  is  further  confirmed  by  the  Obfervation  of  Sam.  CruwySj 
Efq-,  who  at  Tiverton^  about  twelve  Geographical  Miles,  nearly  due 
North  from  Exeter^  obferv'd  the  firft  Explofion  of  this  Meteor  exaAly 
in  his  Zenith,  as  he  was  aflur*d  by  applying  his  Eye  to  the  Side  of  his 
Door,  which  he  took  to  be  pe^ndicular,  and  looking  upwards  i 
And  from  thence  he  faw  it  defcend  to  the  Southward  direftly  in  the 
Tame  Azimuth,  without  declining  either  to  the  Right  or  Left: 
Hence  it  it  plain,  that  the  Track  likewifc  pafs'd  over,  this  Place, 
which  by  our  Maps  is  found  tojie  in  a  Linje  with  Preftain  and  Kirkby^ 
Stephens. 

On  this  Suppofition,  that  the  firft  Explofion,  attended  with  the 
reddilh  Nubecula^  was  direftly  ovet.  Tivertopy  let  us  compare  the  Ox- 
ford  Obfervation  with  it,  in  order  to  determine  more  nicely  the  per- 
pendicular Altitude  there.  At  Oxford  this  Nubecula  was  found  to  be 
3igr.  above  the  middle  Star  of  Orients  Girdle,  at  8**  3^  and  was  there- 
Fore  26 1 ^r.  above  the  Horizon  •,  and  the  Diftance  between  Oxford  and 
divert  on  J  being  i^  55',  or  115  Geographical  Miles,  it  will  be  as  the 
Sine  of  61^  35',  to  the  Sine  of  63^  30'.  So  the  Semidiameter  of  the 
Earth  being  3437 1  fuch  Miles,  to  3498  Miles,  the  Diftance  of  the 
Meteor  from  the  Center  of  the  Earth ;  from  which  deducting  the  Se- 
midiameter, there  remain  60  J  Geographical  Miles  for  the  Height  of 
the  Meteor  above  Tiverton :  This  is  confirmed  by  the  Obfervation  of 
the  Reverend  Mr.  Derbam^  who  at  Windfor  faw  the  aforcfaid  Nubecula 
about  two  Degrees  above  the  nioft  Southerly  of  the  Seven  Stars  in  the 
Shield  of  Orion  5  that  is  (the  Time  being  8^*  6')  in  the  Altitude  of 
^3 1  g^'  Whence  the  Diftance  between  Tiverton  and  fTindfor^  being 
150  meafur'd  Miles,  or  1^0  Geographical,  by  a  like  Proportion,'  we 
fhall  find  the  fame  Height  of  the  Meteor  60  fuch  Miles,  wanting 
only  one  Quarter.  So  that  in  a  Round  Number  we  mav  conclude 
it  to  have  been  juft  60  Geographical,  or  69  Statute  Miles,  above 
the  Earth's  Surface.  Nor  is  it  pofTible  to  come  at  a  precife  Deter- 
mination of  this  Matter,  by  reafon  of  the  Inaccuracy  of^  our  Daia^ 
which  were  only  the  Notes  of  Perfons  under  the  Surprize  of  the 
Suddennefs  of  the  Light,  and  no  ways  pretending  to  Exaftnefs : 
However,  fuch  as  they  are,  they  abundantly  evince  the  Height  thereof 

4  M  2  to 


%5d  ^JfH'liHrM'Bi^ 

I  Was  -tfilWillifi^  to  l&i^e  ofF.  tllfl  Tiadrpitto  ^uJJon  roirietly.         I 
pothefis  that  might  fubjcft  the  Mbtidn  of  this  Meteor 'to  Hi '€i^^ 
lus^  ^thit  ^the  CufiOUs   ftilgRt  be?  able  'to  ^Compute  the  vifible '  Way 
itflereof,  Either  Ih  ffefpeft  of ,  theiHorfedii,  or  among' the  "F&'dStars- 
This  I  fduftd  thight  be  peffoRn'd  wif h  tolerable  Trxdftnefs^  fuppo-        | 
fing  that  it  iriovM  in  the  Arch  of  a  Circle *c6riccnlric  with  the  ^Eartfa,        " 
but  60  Geographical  Miles  wifhoiit  it ;  -and  that  the  'Point  of  the 
firft  Erolofion  was  over  the  Latitude  of  50^  40',  and  .3^  40' to  the 
Weft  of  London  %  ind  that^of  the  laft'Exlinftion  over  Lat.  47^  4<y» 
with  4^  50' Weft  Longitude:  The  Time  being  fix'd  to  8  Minutes 
paft  Eight  iat  London.    Hence  it  is  eiafy,  by  a  Trigonometrical  Procefs, 
to  obtain  the  ViGble  Altitude  and  Azimuth  of  the  Meteor  at  either  j 

of  its  Explofibns,  as  feen  from  any  Place  whofe  Longitude  and  La-^  | 
titude  is  knbwn  *,  and  from  the  Time  given,  the  Points  in  the 
Sphere  6f  Stars  anfwering  to  thofe  Azimuths  and  Altitudes  are  rea- 
dily deduced.  Let  thofe  that  contend  for  a  much  lefs  'Height  of 
this  Meteor,  try  if  they  can,  on  fuch  their  Suppofition,  reconcile  the 
feveral  Pbitnomena  before  recited  with  one  another,  and  with  the 
Obfervation  of  the  Reverend  Mr.  William  EUdj  between  Gainjborougb 
and  Redford.  Here  at.  8"^  5 ',  the  Meteor  was  feen  to  pafs  precifely 
in  the  Middle  between  5/n«j  and  the  Fore- foot  of  Cants  majors  tno- 
▼ing  obliquely  to  the  Southward,  in  a  Line  whofe  Dire^ion  feem'd 
to  be  from  the  Middle  between  the  two  Shoulders  of  Orion.  The 
Latitude  of  the  Place  being  nearly  53^  20',  arid  Longitude  Wfeft  fronv 
London  o^  45'.  Let  them  try  how  they  can  acdoiint  for  its  being  (cca 
five  Degrees  high  at  Aberdem  in  Scotland^  and  near  as  much  at  Peter^ 
hiad^  half  a  Degree  more  rtortherly  :  And  then  let  them  judge  whe- 
ther it  did  riot  exceed  the  reputfed  Limits  of  our  Atmofphere.  \jaSt* 
ly,  if  the  apparent  Altitude  of  the  Meteor,  at  Paris  was  Aot  5  J,  but 
11^.  on  the  W.  by  N,  Point,  when  it  muft  have  been  in  its  greateft 
Luftre,  there  will  be  no  Pretence  to  tring  it  lower  than  I  have  made- 
it,  efpecially  if  it  be  alloii^'d  to  have  followed  the  Track  I  have  af- 
fign'd  it,  o\tt  Preftain^  Catdiff^  Mnebead^  ^iverton^  and  Breft  iaSri'- 
tanj. 

Allowing  this  to  have  been  the  Path  it  mov*d  in,,  the  real  Mag- 
nitude and  Velocity  of  this  Meteor  might  be  affign'd^  if  the  fe- 
veral Accounts  of  its  apparent  Diameter,  and  of  the  Time  of  its 
PafTage  from  one  of  its  Explofions  to  the  other,  were  coniiftent. 
But  fome  of  them  making  its  vifible  Appearance  nearly  equal  to 
die  Sun's,  Which,  in  the  Opinion  of  many,  it  far  exceeded^  we  may 
fuppofe  with  the  leaft,  that,  at  the  Time  when  it  firft  broke  out 
pver  Titfertony,  its  Diameter  was  half  a  Degree.  And  its  horiaoa- 
tal  Diftance  being  150  Geographical  Miles  from  London^-  and  it^  Alti- 
tude 


•ttftJc'6o,  dic¥iyt)6tWnflfid  w  ifed  UHBince  ^fibm  tfic  IS.%  %Hil  ^ 

'more  than  i6b  ftichWilcss'to^^Kchftadife  ^he'Subtenfe 

*P^(!e  ViU  be  kboVe  an  'BM  Mile'^knd  half*  belAC-abMt  i^ob 

^^ards  'qUai^Mmi.    After  the  fehie  Midiincr  |t  is  diffidrit  tb  ^afl^  fts 

Velbcity/'whiTft  fome  mate  it  Tialf,  others  Itfs  ai&  VQaafter,  ttfAa 

'Minute,  m  pafling  from  its  fiSVExplbfion  tb  fts'-fiflrExtina?Qn ;  B&t 

'the  Diftartcc  it  mov*d*in  that  Tinic  being  abciut  g'gr.  or  r8b<5e6- 

'graphical  |4ilfes,  ttre  may  tnodcftly  compiite  it^to  have  run  ^iboie 

'300  fuch  miles  in  a  Minute  5  wMch  is  aSwiftitcfs  SiirhttUy  iri^redtble, 

and  fuch,'  that  if  a  heavy  Body  Were  ^rojeffed  horizontally 'with'  ffic 

fame,  it  would  riot  defcend  by  its  Gravity  to'  the  Earth,  but  'would  i4« 

'ther  fly  off,  and  niove  round  its  Centcrina  perpetual  Orb,  -refSmbliilg 

'that  of  the  A&rf». 

Of  leveral  Accidents  that  vrttt  reported  to  have'attended  its  Paf- 

~fage,  'many  were  the  Eflfeft  of  Parity  -,  fuch  as  the  hearing  it  hifs  as 

it  went  along,  as  if  it  had  been  Vei^  near  at  Hand :  Oifiers  -imiaginM 

they  felt  the  Warmth  6f  its'Beanis  ;  and  foiAe  diereSvere  diat  thought, 

at  leaft  wrote,  that  they  were'fcalded  by  it.    But  what '19  'trertaint 

Js,  the  wonderful  Noile  that  followed  its  Explofion.    All  Accounts 

from  Devon  and  Cortiwal^  and  die  lieijghbouring  Counties,  are  una- 

'^nimous,   that  there  was  heaitl  diere,   as  it  were,  thekepblrt  ofa 

very  great  Cannon,  or  rather  of  a  Broadlide,  at  fome  Diftance,  w'hich 

was  foon  followed  by  a  rattling  Noife,  as  if  jtnany  fmall  Arms  had 

Taeen  promifcuoufly  difcharg'd.    What  was  peculiar  to  tMs  Sound, 

was,  that  it  was  attended  with   ah    uhdommon  Trem6r  of  the  Air, 

and  every  where   in  thofc  Counties,   very  feiifibly  JSibdk  the  Gla6-r 

windows   and  Doors   in   the  Houfes,  and   according  to  f<Mie,  even 

'the  Houfes  themfelves,  beyond  the  uftialEffeft' of  Cation,  'though 

near;  arid  Mr.  Cyuwys  at  7*hertMj  loft  a  Lookirig-Glafs,  ^thatbeing. 

loofe  in  its  Franie,   fell  out  on   the  Shock,  arid  was  broken.    Nor 

'do  we  yet  known  the  Extent  of  this  'prodigious  Sound,  "t^hich  wasi 

lieard,  againft  the   then  Eafteriy  Wind,    in  the  Heighbdurhood  of 

Londouj  as  I  am  irifcSrmM;  and  by  the  learned  t)r.  7*^^!^,  Who  di- 

fcnftly  heard  it  beyond  Le^es  in  Suffex  •,  but  whethcrthe  Report  heaik 

near  Lewes  were  of  that  Explbfion  right  over  Bevofifbite^  or  rather  of 

diat  latter,  and  much  greater  at  the  E'xtinAion  over  Brit  any ^  I  fhall 

not  undertake  to  determine,  till  we  have  fome  further  Accounts  from 

France^  whence,  hitherto,  we  have  only  had,  that  at  Pottj,  the  Time 

of  the  Appearance  was  at  17  Minutes  paft  Eight. 

It  remains  to  attempt  fomething  towards  a  Solution  of  %e  un[* 
common  Pbanomena  of  this  Meteor ;  and  by  comparing  theQ(i  widi 
Things  more  familiar  to  us,  to  fhew  at  leaft  how  they  might  pof-^ 
fibly  be  effe£ted.  And  firft,  the  unufual  and  continued  Heats  oTdie 
kft  Sununer  in  thefe  Parts  of  the  Worid>  may  be  fuppos'd  to  have 

excited 
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^xetted  an  extraordinary  Quantity  of  Vapour  of  all  Sorts;  of  wlucb 
the  aqueous,  and  moft  others.  Toon  condens'd  by  Cold,  and  wannng 
a  certain  Degree  of  fpecific  Gravity  in  the  Air  to  buoy  them  up, 
afcend  but  to  a  fmall  Height,  and  are  quickly  returned  in  Rain, 
.DeWs,  iSc.  whereas  the  inflammable  fulphureous  Vapours,  by  an 
innate  Levity,  have  a  fort  of  VU  centrijuga^  and  not  only  have  no 
need  of  the  Air  to  fupport  them,  but  being  agitated  by  Heat,  will 
afcend  in  Vacuo  Boikano^  and  fublime  to  the  Top  of  the  Receiver^ 
when  moft  other  Fumes  fall  iriftantly  down,  and  lie  like  Water  ac 
the  Bottom  ;  the  Experiment  whereof  was  firft  ftiewn  me  by  the 
Reverend  Mr.  lybiteftde.  By  this  we  may  comprehend  how  tfe 
Matter  of  the  Meteor  might  have  been  raifed  from  a  large  Trad 
*  of  the  Earth's  Surface,  and  afcend  far  above  the  reputed  Limits  of 
the  Atmofphcre ;  where,  being  difingag*d  from  all  other  Particles,  by 
that  Principle  of  Nature  that  congregates  Homogenea  vifiblc  in  fo  ma- 
ny Inftances,  its  Atoms  might  in  Length  of  Time  coalefce  and  run 
together,  as  we  fee  Salts  (hoot  in  Water ;  and  gradually  contrafting 
themfelves  into  a  narrower  Compafs,  might  lie  hke  a  Train  of  Gun-- 
powder)  in  the  ^tber^  till  catching  Fire  by  fome  internal  Ferment^  as 
we  6nd  the  Damps  in  Mines  frequently  do,  the  Flame  would  be 
communicated  to  its  continued  Parts,  and  fo  run  on  like  a  Train 
^    '-fir'd. 

This  -mav  eatplain  how  it  came  to  move  with  fo  unconceivable  a 
Velocity »  lor  if  a  continued  Train  of  Powder  were  ho  bigger  than  a 
Barrel,  it  is  not  eafy  to  fay  how  very  faft  the  Fire  would  fly  along  it ; 
much  lefs  can  we  imagine  the  Rapidity  of  the  AccenCon  of  thefc 
more  inflammable  Vapours,  lying  in  a  Train  of  fo  vafl:  a  Thicknefi. 
li  this  were  the  Cafe,  it  was  not  a  Globe  of  Fire  that  ran  along,  bat 
a  fuccelllve  kindling  of  new  Matter :  And  as  fome  Parts  of  the  Earth 
might  emit  thefe  Vapours  in  greater  Plenty  than  others,  this  Train 
might  in  fottie  Parts  thereof  be  much  denfer  and  bigger  than  in  others, 
which  might  occafion  feveral  fmallei*  Explofions,  as  the  Fire  ran  along 
it,  befides  the  great  ones,  which  were  like  the  blowing  up  of  Ma- 
gazines. Thus  we  may  account  for  the  rattling  Noife  like  final!  Arms, 
heard  after  the  great  Bounce  on  the  Explofion  ovtr  Tiverton :  The  Con- 
tinuance of  which  for  fome  Time,  argues,  that  the  Sound  thereof  came 
trom  Diftances  that  increafed. 

What  may  be  faid  to  the  Propagation  of  the  Sound  through  a  Af^- 
Jium^  according  to  the  received  Theory  of  the  Air  above  300^00 
Times  rarer  than  what  we  breathe,  and  next  to  a  yacuUrHy  1  con- 
fefs  I  know  not.  Hitherto  we  have  concluded  the  Air  to  be  the  Ve- 
hicle of  Sounds  And  in  our  artificial  Vacuum,  we  find  it  greatly 
diminilh'd ;  But  we  have  this  only  Inftance  of  the  Eflfeifl  of  an  Ex- 
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plofion  of  a  Mile  or  two  Diameter,  the  Immenlity  of  which  may  per- 
laps  compenfate.  the  extreme  Finenefs  of  the  Medium. 

XXIX.  I.]  On  November  10,  1719,  in  the  Mortfmg,  about  Bvc^'Aima^ 
of  the  Clock  (as  I  was  obferving  Jupiter)  I  found  certain  white  Strraks  **^'^^**^- 
in  the  Sky,  fecming  nearly  perpendicular ;  which,  whilft  I  confider'd  £^i^°y* 
them,  feem'd  inftantly  to  vanifh,  and  foon  after  others  came  as  in-  Umdoa^Nwv: 
ftantaneoufly  in  their  Room  :  Looking  up  towards  the  Zemtb^  I  per^  10. 1719-  ^ 
:eiv'd  an  entire  Ctf»^  offuch  kind  of  white -^/nV,  feeming  to  de- p**- ^- *^" 
(bend  from  a  white  Circle  of  faint  Clouds,  about  7  or  8  Degrees  in  I^J^.  '* 
Diameter,  which  Circle  fometimes  would  vanifh  on  a  fudden,  and  as 
fuddenly  be  renewM.     I  obfcrvM  that  the  Center  of  this  Place  6f  Con- 
courfe  was  not  exactly  in  the  Zemtb^  but  rather  14  Degrees  to  the 
Southwards  thereof;   which  I  eftimated  by  a  Star,  which  on  each    • 
Return  thereof  lhew*d  its  felf  about  the  Center  of  the  Circle.     This 
Star  is  the  33J  Star  of  the  Great  Bear  in  Tycbo^s  Catalogue,  whofe 
Diftance  from  the  Pole  at  this  Time  is  52!  Degr.  and  which  about  half 
an  Hour  paft  Five  that  Morning  pafs'd  the  Meridian  )  fo  that  thofe 
Rays  centerM  very  nearly  on  the  Meridian  itfclf.     It  was  a  very-  en- 
tertaining Sight,  till  the  Day-break  began  to  obfcure  thefe  Lights, 
which  were  but  faint,  though  fufficiently  diftinguiflmble.    They  came 
none  of  them  lower  than  to  about  30  or  40  Degr.  of  Altitude,  and 
feem'd  not  to  have  afccndcd  from  the  Horizon.     The  Sky  was  per- 
feftly  fercne  and  calm,   which  feems  to  be  one  of  the  concomitant 
Circumftances  attending  the  Aurora  Borealis^  of  which  this  was  cer^ 
tainly  a  Species.     For  the  Night  following,  a  Neighbour  gave  me 
notice  of  a  ftrange  ftreaming  of  Lights  feen  in  the  Air,  which  there- 
upon I  attended  from  the  Hours  of  9 1  to  11,  when  a  Fog-  came  fo 
thick  as  to  put  an  End  to  my  Profpedt.     But  during  that  whole - 
Time  there  afcended  out  of  the  E.  N.  E.  and  N.  E.  a  continued. 
Succeffion  of  whitifh  5/n>,  arifing  from  below-,  and  after  changmg^ 
as  'twti«,  into  a  fort  of  luminous  Smoak,  prfs'd  over  Head  with 
an  incredible  Swiftncfs,  not  inferior  to  that  of  Lightning;  and  as  i^ 
pafs*d,    in  fome  Part  of  its   Piflage,    feemM,  as  'twere,,  gilded,  of* 
rather,  as  if  the  Snioak-  had  been  ftrongly  illuminated  by  a- Blaze* 
of  Fire  below.     Some  of  the  Strict  would  begin  high  in  the  Air,  and 
a  whole  Set  of  them  fubordinatc  to  one  another,  fifcc  "Organ  Pipes^ 
would  prefent  themfelves  with  more    Rapidity    than   if   a  Curtain^ 
had  been  drawn  from  before  them  %  fome  of  wMcH  would  die  away/ 
where  they  firft  appeared,  and  odiers  change  into  a  luminous  Smoak|* 
and  pafs  on  to  the  Wcftwards  with  an  immenfe  Swiftncfs.    Ana 
[  am  of  Opinion,   that  had  it   not  been   for  the -Moon, '  then  teii\ 
Davs   old  and  very  bright^    this   for   the  Time  would   have  been* 
reckoned   as  confiderable  an  Appearance  as   tiiat  of  the   6th  d£ 
Marcby,i'ji6.  '  :       ' 

2.]  On^ 
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~  tbi/am  in    .««]  Qi(rthe>  %6th^,  o£  Oaaber^  ^  ^tween.  Seven  and  Ei^  in  tfae^mn* 

DmnOiuw,    jug^  J  (g^yf  jfQjjfic  fnaali  Appearai)ce  oF  an  Jnrcra  Borealis^  viz.  throe 

Mtnnder  i*.  ^^  ^^^^  ^^8^  Corufcations  in  form  of  Pyramids,  of  reddiflx  Colour  in- 

f:iroi/      eliding;, to  yellow,  which  roffi  about  50 Degrees  above. the  HorizoDf 

t^dcoitfinued  but  few  Minutes,  But  the  North  Part  of  the  Hemifphere 

wgS|Very^  bright  and  red  all  the.  Evening  both  before,  and  after,  till  tep, 

ifjEK^tl^ngpr* 

Iffofn^er  10.  Thefp  I^ights  were  feen  ags^n  about  four  in  the^Mom* 
ing,  qfjvduch  fqme  fay,  that  the  E,iement  openM  fometime  at .  one 
P^c,  tbeq  at^  anpther  ;  from  whence  came  great  ihining  Lights  thatf 
CQfftyiv'd  awj^iie,  and  thea  w^nt  away  by  Degrees,  and  the  Hoks 
€lpfc4  up  again.^    Tjiis.  continued  till  Day-break* 

The  Evqiing,  following,  coming  from  Tivirton  about  half  an.  Hour 
after  Eight,  I  (aw  the  Nortl^.  Part  of  the  Horizon  very  lig^t  and 
rfddifh  (notw^hfiaijiding  the  Moon  being  about  ten  Days  old,  wju 
then  in  orpaA  the  Meridian,  and  ihone  very  bright)  In  a./hort 
Time  theft^eaimnft  luminous  Rays  began  to  appear  very  plain  \  fome 
in  oqe  SijApe,  fome .  another ;  many  of. them  like  Con^  or  Pyra- 
in^ds,^  bi^t « miw  of  them  badly  tcfrminated,!  fome  of  wl^ch  nsiouxitcd: 
very  high,  almoft,  tQ  the.  Zenith,  to  w)iich  Place,  or  near^  they 
ail.  or  moil  feefii'd  to  point.  Shortly  ajfter. there  appeared  a  long 
Streak  .of^  about  ^  30  Pcgrees  parallel  to  the  Horizon  and  about 
i^  or^  20  (Uftant  from  it,  and  about  twp .  or  thrpe,  l^oad,  but 
hadly  termifiated,  and  of  a.  fiery  red  Colour :  Which-  fqit.out 
ibme  of.  the  fanxe  llreaniing  Beams  towards  tl^e  Zenith.  About,  fix., 
or  ifeven  Mjjinqtes  aftietf  there  appear^  (fonifwjhat  fudden)  a, circu- 
lar Figure,  like  an  IrU^  but  twice  as,  broad,,  of  a  pale  Colour,.  The 
Eaft  Part,¥(as  tqrnwuted^  by  the  Horizon  at;  j  full  Eait,^  if  nptfooie- 
tHingvtOjtl^  Sbijt)!,  ^  the.Weii  £n4' about  Nort^  W^ft;  the  up- 
per, Pa^of^.i^j^Acch^banR  59  or  60  .D^rees  high,  gcm^Numbin 
of.  lumii^ops  1^$,  dart^  itrpm^  it  upwaidsai^d  downwards,.  (Qr;eU^ 
pafling.cr^i^itfrpnii  tlic  ]^orfzon)  at^ohUquc;  Angles  pointing,  tolthe 
Zenith,  cfpcci^yj  frqpi  the  Nofth  E^(t  Part  This  continued,  as 
ne^r^as  Lean  guefs,  about  e*^ht  or  nine  Minutes>.  w^p  it  divided 
and  difappear^d.  After  aq.  In^cpral.  of  tl^ee^or  ^  four.  Minutes,  an- 
OMther  /rv^ike  Figure ,  apppitfd,  (ofa  Colour^,  .as.  it  fecm'd,  paler 
than  any  ^  of  the,  ftrearpiQg;  ^gHu  had,  b^>.  w^ofe  Diameter  was 
lefs  th^  .tfi^t  of  t^fqrrner,.  and  0iejir'|4/ n^off  .thap.  its  Semicircle 
afaoy«  415  Jioiw>n>  the  uppjjr  Part  of ,it%.A«3Gh  t^S9f^^&  nw  the 
Timik^  I(CQ»ld  not  obtoryci  a^y  Rjty^,  tO:  p^frpm^^Cpr  a-ooft) 
this,  as  .frQi9..th¥  other.  T^  Cefi^.of  th^iaft^^  ^muph  a)c^  to 
t|»,\\5eft,  tl^.th|t:oif  tl}€,fi<r^  After  th^  CofiliniMnq?:  of  .a  Mwwte 
fMTvtwo,  it,.begMl>to  iifeak  ii>  0ia, upper  Part  of,  its^A«chi  and  fhitiing. 
P«rt]|3jks  bmng.fenc  out  fronp^^bptH  its  broken  Ends  toi^vds  the.Z^ 
nith,  (to  which  they  were  near  before)  or  rather  a  lit(|q  bieypnd  it. 

to 


to  the  South  or  South- Weft,  they  there  ^  formed  a  fort  oF  Corma^ 
curving  and  bending  fomewhat  like  Flanges  reverberated  on  the  Arch 
of  an  Oyen. :  Tbo*  this  expreffeth  it  but  badly,  yet  I  know  not  how 
to  defcribe  it  better.  It  fecm^d  to  me  and  others  to  be  finely  tinged 
with  various  Colours,  Red,  Yellow  and  Blueiifa^  6fc^.aiid  fent  out 
every  way  froni  it  Cexcept  South  and  South-Weft)  long  Flame-colour'd 
Rays,  After  this  had  continuM  about  two  Minutes,  its  (hining  Light 
abated,  and  it  left  behind  it  for  fome  Minutes,  fomething  like  a  whitifh 
Cloud  (like  in  Colour  to  what  the  Light  on  the  19th  of  March  laft 
left  behind  it,  after  the  fiery  Particles  were  extinguiflx'd,  but  thitt- 
ner). 

All  this  while  the  Moon  ftione  very  bright,  from  which  this  Corona 
was  not  very  far  difl^mt,  perhaps  not  twenty  D^^rees,  to  the  North*  . 
Eaft.  After  this  there  continuM  to  be  fent  up  many  fieryrcolour'd  or 
yellowUh  ftreaming  Lights,  fometimes  more, .  fometimes  lefs  -,  now 
here,  now  there>  all  along  the  North  Part  of  the  Hemifphere,  but' 
moftly  from  the  North-North-£aft.  All  this  while  fomethinK  like^ 
fmall  whitifli  Clouds  (which,  to  me,  feemM  to  move  towards  the  7jt^ 
nith,  or  to  point  a  little  more  Southward,  but  difappearM  as  they  ap*- 
proach*d  the  Moon)  were  carryM  very  fwiftly^  and  at  very  fhort  Inter* 
▼als,  moftly  coming  from  the  Eaft  and  North-Eaft,  butmanv  alfo 
from  North  and  North- Weft,  We  took  but  little  Notice  of  this  at 
firft,  fuppofing  it  had  been  nothing  but  the  Reflexion  of  the  other 
Lights,  or  the  Shadows  of  the  Clouds  (whereof  the  North  Parts  were 
pretty  full)  as  the  Streams  of  Light  p^*d  behind  them :  But  at  kft, 
we  obferv'd,  that  when  the  Lights  at  any  Time  abated,  thefe  kinds  of 
Clouds  continued  to  fly  as  fwift  and  frequent  as  ever.  This  I  faw  till 
Twelve  or  One  next  Morning :  Many  others  faw  it  next  Morning  till 
almoft  Break  of  Day,  when  it  appeared  much  more  red  and  fiery  than 
it  was  in  the  Evening  -,  the  Moon  perhaps  being  then  fet.  Some 
People  obferv'd  tall  Cones  to  arife  in  the  Eaft,  and  to  be  carry'd  to 
the  Weft  pretty  fwiftly  in  an  ereft  Pofition,  but  I  faw  them  not.  It 
has  been  reprefented  here  in  ^  forts  of  Appearances,  Armies,  Battles, 

3.]  On  the   lotb  of  Novmber^  the  Afternoon  having   been  ytxy  ^ihefamat 
calm  and  ferene,  about  Six  in  the  Evening  the  Sky  was  tinged  with  Dublin,  hy-^ 
a  ftrangekind  of  Light,  and  fome  Streams  b^an  to  projcft  from  *^^' P- *  "°4* 
the  North  and  N.  E.    One  of  them  arofe  about  N.  by  E.  and  was 
nearlv  a  Subtenfe  of  an  Arc  between  that  and  S.  W.  by  Weft  ;  it  wa;& 
a  little  curvated  toward  the  Sun,  and  what  I  faw  of  it  (for  the  North 
Part  of  the  Horizon  was  conceal'd  by  Houfes)  very  much  refembled 
the  Tail  of  a  Comet :  About  the  fame  Time  there  was  one  or  two 
which  arofe  in  the  Eaft»  afoending  obliquely  fo  as  to  leave  the  Zenith 
feveral  IWrees  to  the  Northward. 
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Thefe  Stri£  continued  to  appear  and  difappear  akematefys  tiB 
toward  Eight  in  the  Evening ;  they  were  Pyramidal^  and  thdr  Vtr^ 
tices  frequently  projefted  feveral  Degrees  to  the  South  of  our  2^ 
nith. 

Between  Nine  and  Ten,  I  was  agreeably  furprizM  with  a  kind  of 
Corufcation,  or  Flaftiing,  that  (hew'd  itfelf  between  twenty  and  fiiiy 
Degrees  from  the  Zenith,  in  the  South  or  South  by  Weft ;  and  which 
from  four  or  five,  fometimes  from  hiore  Places  at  once,  darting  widi 
a  Velocity  not  much  inferior  to  that  of  Lightning  ;  and  by  interfering 
with  each  other  produced  a  beautiful  Tremor  or  Unduktion  in  that' 
fubtile  Vapour,  which.  I  cannot  better  illuftrate,  than  by  comparing 
it  to  the  Beams  of  the  Sun,  reflefted  on  a  Cieling  from  the  Sur- 
faces of  two  or  three  Bafons  of  Water  :  Thefe  Heaves  of  Ught 
were  only  vifible  at  the  Inftant  of  Corufcadon,  and  were  of  a  pale 
whitiih  Colour,  fomewhat  refembling  the  Flafhes  produced  by  the 
violent  Agitation  of  Quickfilver  in  an  ezhaufted  Receiver  ^  but  fo 
ftrong,  that  a  Gentleman,  who  was  in  a  Room  by  himfelf  without  a 
Candle,  aiTur'd  me,  he  took  it  for  common  Lightning :  Thus  it  con- 
tinued incefiantly  for  more  than  an  Hour,  during  which  Time  feveral 
lucid  Areas^  like  litde  Clouds,  difcover'd  themfelves  in  the  pure  Sky, 
and  after  they  had  continued  about  five  or  fix  Minutes,  as  near  as  I 
could  guefs,  would  inftantaneoufly  difappear;  moft  of  them  pretty 
much  refembled  a  very  thin  white  Smoak  or  Vapour  illuminated  by  the 
Full  Moon. 

About  three  quarters  paft  Ten,  this  Vapour  was  almoft  fpent,  or 
by  a  brifk  Gale  at  South  by  Weft  difpers'd  and  driven  to  the  North- 
ward ;  at  which  Time,  between  the  Weft  and  North,  a  vaft  Body  of  it, 
like  a  very  bright  Flame-coloUr'd  Crepufculum^  feem'd  to  be  fix*d: 
From  this  Bafis  feveral  Beams  or  StrU  of  fhining  Matter  were  at  un- 
certain Intervals,  emitted ;  and  though  it  was  not  fo  fenfible  to  the 
Eaftward  of  the  North,  yet  feveral  mighty  Pillars  were  alfo  ejeded 
from  thence  •,  one,  which,  if  I  miftake  not,  arofe  direftly  under  the 
Pole,  was  above  all  others  that  had  preceded  it,  both  as  to  its  Magni- 
tude and  Denfity  fo  furprizing,  that  1  am  perfuaded  the  fmalleft  Print 
might  have  been  read  by  the  Light  thereof,  had  not  that  of  the 
Moon,  which  (hone  very  bright,  pretty  much  effac'd  it :  *Twas  tinged 
with  a  kind  of  Yellow  and  Violet  Coloun  In  about  two  or  tfiree 
Minutes  it  died  away,  and  was  fucceeded  by  others  of  an  inferior 
Order :  It  was  now  about  a  quarter  paft  eleven  of  the  Clock,  and 
nothing  but  repeated  Pbafes  of  the  fame  Spe&acle  offering  themJEehres 
to  view ;  the  vibrating  Motion  had  ceas'd  %  the  Vapour  ftiew'd  itfelf 
no  longer  in  lucid  Areas^  the  Streams  of  Light  were  nor  fo  fre- 
quent, and  thofe  more  languid  than  before ;  and  the  bright  Au- 
rora having  fettled  nearer  the  Horizon,  I  concluded  the  Scene  was 
at  an  End>.  and , accordingly  gave  ovtr  the  queft  of  new  P^jfrnwoM, 

with 


with  only  obfenring^  that  about  N.  E.  there  appear'd  f<^e  Clouds 
that  reflefted  an  unufual  kind  of  reddifli  Light.  Others^  who  fat 
up  longer  than  I  did,  reprefent  the  End  with  very  furpri^ng  Circum- 
fl^Dces. 

On  Tnefdajf  the  24/^  of  Nwmher^  we  had  the  fanie  Pbanomena  re* a  ntnm 

peated,  though  not  with  the  fame  Variety :  About  a  Quarter  pail  Ten  <iffbe  (amf . 
at  Night,  a  vaft  Body  of  Ihining  Matter  was  coUefted  between  N.  W. 
ty  W.  and  N.  *y  E.  in  the  Form  of  the  Segment  of  a  Circle,  whofe 
Center  was  about  25  or  3d  Degrees  below  the  Horizon  ;  from  its 
Pmpbery  a  few  fbort  Pyramidal  Streamy,  of  the  fame  luminous 
Vapour,  afcended  by  a  flow  and  nearly  uniform  Motion*  and  were 
exceeding  rare,  fo  as  not  to  efface  the  fmalleft  of  the  Fix'd  Stars  ; 
and  in  a  Minute  or  two  vanifli*d  :  The  Light  which  that  Col- 
leftion  of  Vapour  emitted,  was  fo  great,  that  in  the  othcrwife  very 
dark  Night,  I  could  thereby  (at  three  Quarters  paft  Ten)  read  the 
Title  of  the  laft  Pbilof.  Tranfaif.  which  then  happened  to  lie  on  my 
Defk ;  and  at  four  or  five  Yards  diftance,  fee  the  fmalleft  Books  in  my 
Study, 

XXX.  At  Streatham  in  Surrey ^  on  December  the  lUb^  about  one  zAh  Aurora  . 
Clock  at  Night  (or  rather  in  die  Morning  of  D^r.  the  iitb)  I  was  callM  Borealis/» 
to  obferve  Corufcations  which  appear'd  of  a  much  different  Colour,  ^^itoni^n 
and  in  a  very  different  Manner,  from  any  I  had  before  fceri.  ^$3.  p. ,  ,07' 

The  Streams  of  Light  that  darted  upwards  from  the  Horizon,  feem'd 
to  be  at  confiderably  a  greater  Diftance,  but  not  at  all  in  lefs  Quantity 
than  thofeof  iVw.  10.  But  their  meeting  in  a  Point  near  the  Zenith, 
and  there  forming  a  kind  of  Canopy,  was  what  was  particularly  remark- 
able in  thefe  Corufcations. 

The  Streams  of  Light  rofe  from  the  Horizon  only^  towards  the 
North,  and  on  each  Hand  towards  North- Eaft  and  North-Weft  :-  But 
near  the  Zenith  a  Canopy  was  form'd  of  Streams  of  Light  meeting  in  a 
Point,  not  only  from  thofe  Quarters,  bat  tlio  from  the  South,  6fr. 
Only  to  thofe  Points  they  exteiwied  downwards  from  the  Zenith  but  a* 
little  Way,  and  were  neither  in  fo  great  Quantity,  nor  quite  fo  bright 
as  thofe  Northwards.  At  firft  I  thought  the  Point  in  Which  thft  Streams 
met,   was   exadly   the   Zenith,    but  iipon  obferving  it  fomething  % 

longer,  I  found  it  was  hot  fo,  but  a  few  Degrees  to  the  South  of 
the  Zenith.    The  Streams  of  Light  near  the  Zenith,  which  form'd  \ 

this  Canopy,  were  of  a  pretty,  bright  Colour,  and  iii  great  Quantity,  '  j 

and  darted  very  fwiftly. 

On  each  Side  of  the  North,  towards  E.  and  W.  but  not  exaftly' 
in  theN.  it  felf  (at  leaft  when  I  faw  it)  from  about  10  or  15^.  to 
40  or  50^.  above  the  Horizon,  the  Streams  were  of  a  glowing  red 
Colour,  whereas  all  that  I  hkd  ever  feen  bbfore;  were  very  pale.    The 
Rednds  was  like  that  of  a  burnt  Brick,  and  neareft  of  any  Thing  I 

4  N  2  have 
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iaveiijeiitollieColMr,  wUcb  remained  fer  a  few  Mwmp$%  liketlMI 
Traft  through  which  the  Meteor  pafe'd  in  thp  Spring. 

The  Streams  appeared  of  this  fierce  Cokwr  when  I  firft;  fym  the  Cch 
rufcations  and  contimi'd  fo  for  fome  Time,  till  the  Redneis  by  de« 
grees  wearing  <^,  itk  about  |  of  an  Hour,  they  appeared  of  the 
ufual  Falene&t  when  I  left  them  ftUl  foraiiag  a  Ca^py  near  the 
Zmtb. 

The  Air  was  Tery  calm  and  ferene,  not  aBitath  of^Wind  ftiriiiigi 
as  I  remember  it  was  alio,  Nw.  lo^ 

The  Moon  was  now  a  Day  or  two  older  than  it  was  on  Nn.  la 
and  a  good  deal  farther  to  the  Weft«  than  when  I  law  the  CoruftaiioDS 
that  Night  being  full  South.  She  had  now  round  her  what  is  ooaimoQ- 
ly  callM  a  Burr,  larger  than  ordinary,  and  federal  very  lucid  Clouds  at 
a  little  Diftance. 

NortlwrnAu-     ^CXXL  I  am  of  Dr.  A^'s  Opinion,  that  thofe  Phofphorous  or 
Torz's/ecna'  Luminous  Appearances  in  the  Firmament,  proceed  from  thcTarioua 
iroaJ,  &c  fy  Effbivia  perfpir'd  out  of  our  Globe,  or  paffing  through  it  i    for  1  have 
Dr.  T.Ko'    fetrn  thole  Lights  over  Vefavius^   the  StrmMo  Iflands,  and  towarda 
'Wnfon,ii,349.  ^^^^    j^  ^^^  Nights,   when  thofe  Vukam's  were  not  fiaming  nor 
^^     ^'         burning,   their  Sides  and  Tops  being  pafiable  to  Travellers  at  that 
Time,  and  all  their  outward  Parts  quiet.    We  are  certain  thitf:  JaUtuL 
and  GreenlMd  abound  with  Vulc0n$^$\  fo  may  North-Eaft  Z-^^iJajii^ 
North  Ruffia^  and  Tartary^  where  vaft  Quuns  of  Mountains  are  laid  ta 
run.  The  Jefkits^  and  other  Thivellers,  relate  many  prodigious  Erupti- 
ons of  Fires,  and  Earthquakes,  towards  the  North  oi  China  \  bat  nearer 
the  Pole,   die  Earth  muft  be  closM  and   pent  up  many  Months, 
by  the  long  fevere  Freezings  and  continue  Soow  and  Ice,    which 
relaxing  towards  Spring,  may  mve  vent  to  that  vaft  Mafs  or  Mayrinc 
of  perfpirable  Matter,  that  had  been  kqpt  fo  long  in  hot  Subtenraaeous 
Prifons.    This  may  be  one  Rcaibn  why  Animal  Bodies  them^^lvea  act: 
often  feafible  of  Changes  at  that  Seafon  in  oui^  Climate^  whea  Perfpira- 
tion  is  upon  fuck  an  Increafe. 

iSSn      XXXIL  Defiring   to  know  what  DIflferencc  these  mig^  be  be- 

^Poidalams  ^^^^  ^he  Fihati^H  ff  Pmkbmf  M  VocuOy  and  in  common  Air^  I  re- 

^Yacao^  fy  commended  the  Ejqxrimcnt  to  Mr.  Hawkffm^  who  hairing  provided 

^W.Dcr-  himfelf   with    a   proper   Receiver,    and  all  other  Things  necedary^ 

aain.^.-z$4.  ^jij^   ^  Friend  of  mine    in  ^iMdwy  made  the  Experimenu    The 

r^  5-        Movements  he  tried  with  were  an  Eight-Day  Clock  vibrating  Se- 

^^<<onds^  and  an  half  Seconds  Movement  of  mine.     The  I0ue  of  their 

Experiment  was,  my  Pendulum  vibrated  two  Tenths  of  an  Inch  oa 

each  Side  farther  in  Vacuo^  than  it  did  in  the  isx^  Air,,  and  went 

&V€n  Seconds  flower  ia  twenty  Minutes^  than  the  otheir  Movement. 
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But  in  the  open  Air,  my  Pfcodohim  in  twenty  Minutes,  went  only  3 1. 

Seconds  flower  than  the  other  Pendulum. 
TMs  E3q)eriment  I  try'd  over  myfdf  ^  the  Inftrumeitts  I  made  ufe 

of,  were^  firft,  an  Air-Pimp  of  Mr«  Hoodie's. 
The  next  was  a  SmaU  Movment^  with  a  Pmdulum  of  about  ram 

Inches,  that  v\\mxt%H^-feemiSy  and  is  driven  by  the  Power  of  a  Spring.. 

This  Ipfttument  I  thought  commodious,  not  only  for  being  eafily  fit** 

ted  wkh  a  Receivtt,  but  alfis  for  vibrating  Half-ieconds  very  nicely,. 

and  aUb  becaufe  ita   Yibmtions  are  equal,,  not  fome  lafge,,  ibme 

fliorter. 
The  laft  lAftrument  was  a  veay  well  ip^ulated  Mmth-Pieu^  diat  vi^ 

brates  SiBMiis  all  the  Yow,  withias  much  E^uAnefs  as  moft  do^ 
Bdng  thus  ftimilk^d,  die  Refult  of  many  repealed  Experiments^ 

Day  after  Day,  was,  That  (as  before)  to  Vocmb  the  Vibntions  wtrcL 
ahrayaf    brger  than    in    the   Receiver  unexhaufted.    At  the    Mt^ 

when  my  Mttle  Mosrement  was  newly  clean'd,  die  Vibmtions^  were 
above  ^  of  aa  Inch  hums  than  in.  the  free  Ain.  But  afteiwards. 
(I  fuppofe,  faom  fome  (^the  foul'd  Oil  of  the  Pump^irtled  on.  tho: 
WhiKb,  i»  letting  in  tht^  Air,,  whereby  the  Foite  af:  the  ^ringr  oa. 
the  Fallecs  was  blunted,  fiom  hence,  I  fay)  a»  die  VibratiOBs  in  the 
unexhaufted  Recei^cer  were  a  little  contcaAed,.  £>  in  tiie  Receiver.. ex-* 
haufted>  they  weie  more  contrafted,.  and  only  about  o^  25  of  an  Inch, 
krger  than  in  die  free  Aix.. 

The  Jlt&MiM  iti  Ttrn^  whidi^  dns  Difieraiee  of  the  VibnKiona 
product},  was  conftandv  onlv  about  two  Seconds  in  an  Hour  (tower,, 
uk  the  Receiver  exhatified,  man  in  it  unexhaufted.  For  if  in.  four,. 
<ve,  OP  flwrn  Houi*  8<^ng,  the  two  Penduhuns  did  not  vary  a  Quar- 
ter of  a  Second  in  the  open  Air,  or  when  the  Receiver  was  put  over 
tint  little  MtfVement^  (but  unexhaufted)  *,  yet  when  the  Receiver  was 
cxhaufted,.  the  Half^ieccrnds  Movement  would  l<^e,^  at  the  Rate  of 
two  Seconds  in  every  Hour>^  in  every  Expcffiment,.  in  many  Hoot^ 
going. 

And  becaufe  1  had  a  Mind  tO  it  what  Afeerations  would  arife 
fi'om  varying  the  Vibrations,,  therefore  by  opening  and  fhutdng 
the  Pallets,  I  caufced  die  Vibtations  in  fome  Experiments  «>  be  as^^ 
luge  as  the  Receiver  would  bear  ^  in  others,  to  be  as  flioit  as  pof- 
Jiblev  always  adjuiHng  the  Pendulum  to  vibrate  Half-leconds  nice- 
ly in  the  Air.  But  ftillthe  Succefs  was  much  the  fame,  or  the  Dif- 
ference fcarce  percepttble*.  But  only  I  imagined  when  the  Pcndu* 
lum  vibrated  but  a  little  Way  from  the  Perpendicular,  that  the  Vibra- 
tions in  VacHo  wei^e  not  fo  much  enlarged,  as  when  it  vibrated  in  a  lar- 
ger Arch. 

In  all  thefe  Experiments  (whiclt  were  repeated  divers  Times  with 
the  fame  Succefs)  I  had  no  other  Reafon  to  move  me  to  think,  but^ 
that  the  Vibrations  were  eil}ar£fd  in  Vacuo  by  the  vaft  RarefaAion ' 

of 
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of  the  MnSum,  but  this,  Tbat  perhaps  che  diScrenc  Sate  of  the 
Air  might  alter  the  Force  of  the  Spring,  which  drove  the  Afiove- 
ment.  For  the  Trial  of  diis,  I  put  a  wdt-adji^ed  Pockti-lFltitk 
(with  Hock's  Regulator,  /•  e.  the  common  fmall  fpird  Spring  to  the 
Balance)  into  the  Vacwm ;  and  after  feveral  Trials,  at  die  fime 
Pitch  of  the  Spring,  I  found  not  the  Icaft  Alteration  in  the  Wardi's 
going,  in  many  Hours;  neither  the  Springs,  nor  any  other  Part  of 
the  Watch,  feeming  to  be  in  the  leaft  aAfted  by  the  VmcmiM  :  But 
the  Balance  circumvolving,  or  keeping  the  fame  Turns,  as  in  the  open 
Air. 

I  then  try'd  i»hat  the  Succefr  would  be,  by  putting  the  Half-le- 
conds  Pendulum  again  into  the  Receiver,  and  only  pumping  out  a  Put 
of  the  Air.  And  accordingly  I  left  no  nuHe  Airin^  than  what  kept 
the  included  Mercurial  Gage  at  about  fix  Inches  Height ;  the  Event  of 
which  was,  that  the  Vibrations  were  then  not  abdve  ^  gf  an  Inch  Jar-  • 
ger  on  each  Side,  than  in  the  Receiver  unexhaufted :  And  the  Tune  kA 
buc  about  Half  a  Second  in  an  Hour,  or  |  at  moft.  And  6^  accor- 
ding as  the  Mercurial  Gage  was  moie  or  1^  high,  I  always  found  ilie 
Vibrations  greater  or  lefs ;  they  gradually  decroifing,  according  to  die 
Quanticy  of  Air  re*admitttd.  From  thefe  Eacpoiments  we  may  re- 
mark, 

i«  What  Mr.  Btyle  long  fioce  obfervM  (from  a  cock'd  Piftol  go- 
ing down  as  fiercely  in  his  Fscuum^  as  in  the  Air)  may  be  hereby 
farther  confirmed,  viz»  That  th6  Air  is  not  the  Caufe  of  the  Mo- 
tion or  Reftitution  in  Solid  Bodies,  as  Springs.  For  if  it  was^  it 
would  certainly  have  been  difcovetM  in  fo  tender  an  Inftmment  as  a 
well-adjufted  Pocket- Watch,  lying  under  the  perpetual  Influence  of  two 
Springs. 

2.  As  in  Facuo  (where  the  Prefiure  of  the  Aunofphere  is  taken  >oflf) 
heavy  Bodies  defcend  quicker  than  they  do  in  the  open  Air  ;  fo  it  may 
be  obferv'd,  that  Pendulums  move  fwifter  in  the  Receiver  exhaufted, 
than  in  it  unexhaufted. 

That  heavy  Bodies  defcend  quicker  in  VackOi  is  evident,  firom  the 
fwift  Defcent  of  the  lefs  heavy  Bodies,  as  C&rk^  the  Doum  of  Somtbifiks^ 
the  U^teft  Feather^  &c.  which  do  all  precipitantly  defcend,  like  a 
Stone,  in  a  tall  exhaufted  Receiver* 

And  that  the  Pendulum,  in  our  Experiment,  mov'd  fafter  in  Vacuo^ 
is  manifeft,  from  its  vibrating  but  two  Seconds  in  an  Hour  (lower,  when 
the  Vibrations  were  |  of  an  Inch  on  a  Side,  enlarged  by  the  higheft  Rare- 
fadion  of  the  Air.  Whereas  I  find  by  Experiment,  that  near  the  lame 
Incrcafe  of  the  Vibrations,  doth,  in  the  open  Air,  make  the  Pendulum 
go  fix  or  more  Seconds  (lower  in  an  Hour.  I  fay,  near  the  fame  hureafe^ 
becaufe  it  is  fcarce  po(fible  to  mans^e  the  Pallets  fo,  as  nicely  to  make 
the  fame  Vibrations  as  were  in  Vacuo^ 

3.  The 
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3.  The  laftThingl  Ihail  deduce  fliall  be  by  way  of  Qoeiy,  V12;; 
Whether  the  Variations  of  Pendulums  obfervM  under  the  Equinoftialt 
and  between  the  Tropics,  do  not  arife  as  much  or  more  from  the 
Rarity  oi^Medium^  and  the  Encreafe  of  the  Vibrations  confequent 
thereupon?  It  is  fcarce,  I  think,  to  be  doubted,  but  that  the  Air  is 
much  thinner  and  finer  near  the  Line,  than  it  is  without  the  Tropics. 
And  it  is  evident  from  the  Barometer,  that  on  the  Tops,  of  high  Mouni* 
tains  the  Atmofphere  gravitates  lefs  than  nearer  the  Center.  And 
therefore  (although  I  like  the  Notioax>f  the  Deoreafe  of  Gravity  from 
the  Encreafe  of  the  Diftance  from  the  Earth's  Center  too  well  to  dif« 
card  it,  yet)  I  am  apt  to  think,  that  this  is  not  the  only  Reafonof  the 

I  wifli  that  Capt.  HaU»f^  when  he  obfervM  at  St.  H^ibi^  his  Clocks; 
to  go  flower  than  in  Efi^kndy  had  at  the  lame  time  obferv'd  whether  the 
Vibrations  were  not  enlarged.      It  might,  be  worth  the  while  fot 
fuch  as  have  Opportunity,   to  take  Notice,  whether,  their.  Pendu- 
lums between  the  Tropics  do  not  make  larger  Arches .  than  higher 
JLatftudes?   AJfo  in  what  Latitude  they  begin  to  alter?:  Whether 
the  Vibration  be  greater  near  the  Line,    than    in  any  other  Ean:fe> 
between   the  Tropics  ?  Or,   whether   the  greateft  Encreafe   be  not 
always  in  thofe  Places  where  the  Sun  paflTeth  their  Zenith?  If  the 
Vibrations  be  found  larger  under  the  Line,    or  in*  any  other.  Pa^ 
of  the  Torrid  Zone,   then  it  may  be  obferv'd,  how  much  larger - 
they  are,  and  in  what  Proportion  they  encreafe,  or.  decreafe,  by  apr- 
proaching  nearer  imto,  or  receding  from  the  Place. of  their  greateft 
Encreafe  ? 

Alfo  it  may  be  worth  obferving.  Whether.  Pendulums  do  iiot  va« 
ry  on  the  Tops  of  high  Places,  or  in  diflferent  States  of  the  AtmQh> 
fphere,  according  as  the  Mercury  is  high  or  low  in  the  Barometer  ? ' 
But  then  in  this,  and  indfeed  10  the  former  Cafes,  it  is'  neceflary,.  or 
at  leafl?  very  expedient,  chat  the  Movement  be fo  e^taftly  well  made,, 
that  the  Power,  whether  Weight  or  Spring,  do  at  all  Times  exert 
the  very-  fame  Force  upon  the  Pads*  or  Pallets.  For  moft  Clocks  are 
apt  to  vibrate  fomedmes  larger,  fometimes  lefler  Arches  in  the  24 
Hours,  according  as-  the  Weight  or  Spring  doth  more  or  lefs  exert  its^ 
Farces  on  the  Work. 

XXXIII;  I.]     A   Canrfcnt   Iron  being  included:  is   a<  Recipiertt  ^»  ^^peri- 

E roper  for  that  Purpofe,  and  the  Air  withdrawn  (which  was  in  ^"  c^^n/^j^f 
out  two  Minutes  of  Time)  the  M^cury  Htsm  in  the  Gage  fl»«wi- /;,"vaaio//> 
ing  at  29  Inches  I;  a  Qumcity    of  Gun-ipowden  was    immediately  J(fr.F.Hawki- 
made  to  dcfcend  upon  the  red  hot  Iron,  which*  contiuu'd  upon  the  bee  n.  295. 
Surface  of  it  fome  fmall  Time  before  it  went  off,  and  then  was  ob- 1^^  '^^^' 
ferv'd  not  to  fire  all  at  once,  and  the  laft  of  the  Quantity  that  did 
fo  fecmtd  to  give  the  greateft  Flafh  i.  upon  which  the  Mercurial 

.  Gage 
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Gage  was  thken  Notice  of  tx>  delcen4  fomcthipg  more  dian  aa 
Inch,  k  riling,  again  ^of  the  £ime:  And  upon  fevend  Repctidons 
of  the  like  Quantity  of  Powder  (the  faditious  Air  being  always 
Withdrawn)  the  Appearances  were  very  reicmbling.  Again  upon 
purging  the  Recipient  of  the  faftittous  Air,  and  the  Meraaj  ek- 
vat^  in  the  Gage,  as  at  firft,  three  Quantities  were  caufed  to  ddccod 
upon  the  Iron,  whofe  Explofion  as  well  as  the  Air  producM  from  j 
them,  fcem'd  in  Proportion  to  the  Quantity  of  Powder  %  the  Aftr-  \ 
atry  then  in  the  Gage  fubfiding  to  26.  But  upon  dropping  &f 
Quantities  (the  Recipient  being  firft  purged  as  before)  whidi  Quan- 
tities not  defcending  ail  at  once,  bpt  focceifively  as  fail  as,  mi^ 
be,  the  Quantities  that  firfl  reach'd  the  (ftili  Ignited)  Iron  taking 
Fire,  by  their  Flame  making  an  Explofion  of  the  whole,  at  once 
J>lowing  up  the  Recipient,  although  the  Weight  of  the  ^  inciimr 
bent  on  it  was  equal  to  144  ^  j^  accountii^  the  Receiver  at  3  Inches  j 
Diameter,  but  was  fomething  more^  which  does  fufEciei^y  aJlow 
for  the  want  of  Height  of  ilarcury.  The  Gage  theo  flanding 
at  29  I,  inftead  of  30,  from  which  the  Calculation  is  made.  •The 
Gun-powder  us'd  was  the  common  glaz'd  fort  1  and  the  Wei^t  ^ 
the  fix  Quanttttes*  which  removed  the  Recipient,  with  b  gireat  a 
Pre{&re  incumbent  on  it»  was  but  feven  Grams,  each  Quantity 
^^ighing  fomething  more  than  one.  I  did  qot  obfervo  the  Re- 
^dpient  to  be  broke  before  it  reached  the  Fkx)r.  It  was  thick 
lin'd  with  Sulphureous  and  Nitrous  Steafns,  fo  that  the  Flalfaes 
t>f  Fire  through  the  Cbudinefs  of  the  Glafs  ftem'd  very  much 
to  refemble  faint  Lightnings.  The  Content  of  the  Receiver  was 
equal  to  about  15  Ounces  ^jof  Water,  aUbwingfor  the  Bulk <^ Iron 
andPedeftal. 

ne  Quality       a.]  Upon  making  the  fate  Espefiment  before  the  Sacie^  of  firing 
^^^' A'^/^•- Gun-powdef    in   Vacwy  It  was    hinted  as    well    worthy  of  Trial, 
twd2S<^'^^^***^^  the  faafcious  Air  of  fir'd  Gun-powdcr  was  endued  with 
Eune,  ibid.  p.  ^"7  Quality  dMTering  from  common  Air  ?    In  order  to  the  Satisfsr 
1807.           Aion  of  the  Query,  I  included  a  Candent  Iron  in  Vacu^   the  Mer- 
cnry  then  in  the  Gage  ftanding  at  29  Inches  i :  Upon  dropping  the 
firft  Quantity  of  Powder,  (by  a  Quantity  is  to  be  underftood  fome- 
thing more  than  a  Grain  weight)  its  Explofion  made  a  Deicent  of 
.    the  Mercury  m  the  Gage  about  an  Inch,  uaddlaiing  very  little.  The 
,  iecond  Quantity  being  let  fall,   the  Msrcurf  fubfided  about  |  of  an 
Inch ;  and  fo  for  fevoal  Quantities  following  it  defcencbd  by  pretty 
equal  Stages,  tiU  it  had  fallen  about   fix  or  feven  Inches  ^   and  it 
was  obferv'd,   upon«  every  Quantity   fir'd,  the  UndulatioAS  of  the 
MercOiy  increased.    But  after  it  had  fubfided  fix  or  feven  laches  from 
29 1,  the  feveral  Defcents  of  it  became  lefs,  very  little  or  nothii^ 
exceeding  fan  Inch,  although  the  Quantides  |m  Y^ie  qoual^  bus 
3        *  '  fliH 
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ftiU  the  tTlid«ht?iod^  ^K/6KiMi  aAd  tte  ^tpIoAoffs  mahife%/cMd  fo^ 

toa:  •Tfllat  l«ft  "the  Rcciivdf'fteii^*  to  be  in  gtot  Danger  ofiberi^* 

hlo¥ttiupbyi  fingte<^anti^,'<lie/Uridii!aUonsi  of  the  Af^A^;^  .*b^': 

i^  tUn  atigminted  tb  fct  ot  ft't^rf  inched;    ii6Mt'  tf6  ^Quaaidtfefe  erf' 

^2  G^rairis  haWf^  becA  firM  upon  the  IrtaV  tod  tbft  Merckty  in  the 

Gage,  havihg  fallen  td  i  i  J,  1  difigefitly  attended  to '  obferve  the  Gage,      •    \ 

whicfr  inf  fcfycfAf  WBiiufeS'  had  afcended  2  Inchei  J,  «he  next  five  Mi- 

mites  it  atrofe  biir  i  Kteh  J,  and  fo  fefs-  focc^flJtely  every  five  Mimitaes, 

tJi^  in  art  Htfirf  arkl  ^7  Minutes^  it  had  attairtM  but  t6  2f  Inches, 

the  Iron  ri6t  Being  tjuttecold.*    At-  ]^ine  the'  femd  Night  I  obferv'd 

tihe'G^,  and  found  the' M?fi^i^  elevated  to  2^2  Inches  |precifely : 

Nfettl!tlom?ng  at  Nine  it  had  attained  to  22},  a  Ad  fo  continued  all 

that  Dafy,  ^theTroit  befng  then  redUc*d'to  the  Temperature  of  the  opt- 

Vrafd  Air.     86  ffiiii  from  i2'|  to  i22i,  feems  to  be  the  Weight  or 

^ing  of  Heat  dqual  to  ab6ut  j  of  an  Atrtiofphcre  of  Air^  which 

ifrould  prefe  thirf  Mercury  upon  the  upper  Part  of   the  Gage,    but 

etfail  to  fuch  2  Degree  of  Heat-^  Was  then  cotitain'd  in  the  Receiver, 

t^hen  the  Gage  was  fallen  to  12 1:  The  remaining  Space  frdm  22  J 

io  igi  is  fiipposM  to  be  fuppiy*d  with  fiKSitiitHii^  Air,  and  anfWers 

td  *out  J  Part  of  the  Recipient's  whole  Content^  which  was  equal 

to  25  Ounces  }  of  common  'Water;   allowing  fof  the  Iron  and  Pe- 

d*eftaK    This^  AiF  produced  from- Gun-powder,  I  find  to  be  aftuatcd 

by  Heat  and'  C^ld'  as  commdh  AW\  Fory  Holding  my  warm>  HMdi 

upon   the  RebeiVcr,   the  Mertur^f  yd  the  ^^^^  •  wk>Ulid  imtfiedte^ly 

dfefcend,   and  rife  agam  #hen  ¥eduiM  t6  tfe  TeAiperaWre  pf -the 

witwini  Air'    'J^his  I  repeated  feveral-  Timeb^-  vf Itfc  the  likc'Sue^eftv 

Whirf  more  6ccurs  ik  this  Etptsrimtfnt  is.  Why  thi  Explofioft*  df  the 

like  Quantities  of  Gun-powder  ihould  be  greater  when  refifted  by  Airy 

than'ki  Vacu^^  where  liotfting  flferiis  to  fendct  i!htf  fixtcnfion  df  tfieir 

Fhme.  '     •  -     ^"'-■-  '>  •••-•> 

'   XXXiV.    ItfeokfomeMaltD\!ift;^andha«rig^weUdryM^theifa|fifei 
piJrt!  a  Quantity'  bf  it  into  a  fine  Muflm  Safe,-  Whfcite  being  loofefy  in^  MaltDuft/* 
clos'd,  it  would,  upon  (baking,  difcover  itfelf  plentifully  in  the  ofteil  p*2?^*^JIf[' 
Ain'ttAdulatirtg  and  floating  a  cohftdefabte  Tiifte  Bflfia-e  it  W<wia '  de- „;  JS^p^^^ 
ftend'i  but  beihg  iritluded  withiA  a  Rcfcclver,^  fKnh  whieh  the -Alrwai  194.8. ' 
weir  exRaiifted,  and  tHetf  fliakeh,  'thfe=  Dttft  defcehded*  as-d  pohde#oii4 
Bbdy,  precipitating'  in  ftraight  Litoe4^frt>m  the  Top  to  the  BottoVb  6^a 
tall  Receiver.  '     ; 

XXXV.  Haviftjg»  hid^  tHe  Hbnotjr  tb  m^ce  fome  Experiments  laft  An  Expcri- 
Year  before  His  Majefy  and  their  Royal  Higbnejfe^  the  Prince  and ^enttofrwi 
Princefs  of  Wales-,  anftbng  others,  I  IKew^dT  that  of  a  Guinea-  and  a^^^J^P^'^ 
Piece  of  finfe  P^er ;    then  of  a  Guinea  artd  a^  Fealher  drop^M  to*  i>|!!j?t!dc. 
gether   fi^m   the  Top  of  an  exh^fiM  Glafs  Receiver  about  20fagiiHen.'ii. 
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1^4  Experiments  prowtig  a  Vacuum*- 

Inches  hkhi  both  which  fell  tx>  die  Bottom  at.  the  lame  Inflaiit  of 
Time  :    Now  fince  the  chief  Refiftance  of  a  NUdhm  (and  indeed 
(f )  Sit  Sir    almoft  idl  of  it)  depends  upon  the  (f)  Qj^antity  of  its  Matter  i 
If.  Newton'i  therefore  this  Diminution  of  Kefiftance,  whereby  the  Feather  fell  as 
^k^'      foon  as  the  Guinea,  (hew*d  a  Diminution  of  the  Qya&tity  of  Mat- 
Prop.  40.  •     ter,  and  confequently  prov'd  an  in/irfpers'd  Fac$mm*    Some  Time  after 
this,  I  was  informed,  that  (omc  Pkmfis  objeded  i^;ainft  the  Short- 
ndfs  of  the  Glafs-Receiver ;   as  if  the  Dittcreace  of  Time  in  the 
Fall  of  the  two  Bodies,  which  they  affirm*d  to  be  real,  could  not 
be  perceived  in  fuch  a  Ghds ;  and  that  fome  Philofophers  from  abroad 
afHrm'd,  that  in  a  Glafs-Receiver  feven  or  eight  Feet  long,  there 
would  be  fuch  a  manifeft  Difference  in  the  Time  of  the  faid  Bodies, 
as^to  fhew  this  Experiment  no  Proof  of  a  Vacuum:  To  obviate 
this,  I  contrived  a  Machine  for  the  Purpole,  whidi  confifbed  of  a 
llrong  Wooden  Frame  15  Feet  high,  that  held  the  Air-Pump  and 
tbur  Cylindric  Glafs-Receivers  of  afaput  two  Feet  long  each,  and  fix 
Inches  iDiameter :  Of  thcfc,  having  fet  the  firft  upon  the  Air-Pump- 
Plate,  I  laid  on  the  Top  of  it  a  Brafs*Plate  of  feven  Inches  Dia- 
meter, that  had  an  oil'd  Leather  fix*d  to  it  above  and  below,  wuh 
an  Hole  through  the  Middle,  of  between  four  and  five  Inches  Dia- 
meter }  then  on  that  Plate  I  fet  the  next  Receiver,  with  a  like  Pboe 
at  Top  *,  and  after  the  fame  Manner  ftc'd  the  other  two  with  Plates 
between  them  :  The  upper  Receiver  being  a  little  narrower  at  the 
Neck,    went   into   the   Hole   of  a  Board,  whereby  it  was   icrew'd 
down  pretty  hard  on  the  other  Glafles,  and  fix'd  to  the  whole  Ma; 
chine.    On  the  Top  of  this  upper  Receiver,  I  had  the  Brais  Plate,' 
wet  Leather,  and  Brafs  Springs  which  contained  the  Bodies  to  be 
dropped.. 

Having  acquainted  his  Majefty  with  what  I  bad  prepar'd,  k 
order'd  me  to  fhew  him  the  Experiment  with  this  long  ccxnpoundcd 
Receiver,  at  Hampton-Court ;  tod  when  I  made  it  before  him  and  her 
Royal  Highnefs,  he  was  pleas'd  (by  pulling  down  a  String  fix'd 
to  a  Xieaver  at  the  Top  of  the  Machine)  to  let  loofe  the  Bodies  hioi- 
felf. 

When  the  ^Receiver  was  full  of  common  Air  before  Pumping,  die 

Guinea  came  to  the  Bottom,  juft  as  the  Paper  was  about  die  Middle 

of  the  fecond  Glafs ;  but  when  the  Receiver  was  exhaufted,  the  Guiiiea 

and  Paper  came  to  the  Bottom  precifely  in  the  fame  InffauQt  of 

'  Time. 

Upon  my  giving  an  Account  of  the  Succefs  of  this  Experiment  to 
the  Royal  Society^  they  order'd  me  to  repeat  it  before  them  on  the  5/* 
of  December  171 7. 

I.  made  the  Experiment  firft  with  two  of  the  Receivers ;  then 
with  all  the;  four;  dropping  a  Guinea  and  a  fmall  Piece  of  Paper 
together  \  and  the  Sucods  anfwer'd  ExpcAation :    But  not   beiiig 

willing 
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-ivrilli«g  to  tr^  if*lth  a  Down  Feather,  becaufe  I  fearM  the  Air  migSt  in- 
fiBiiate  between  fomc  of  the  GlafRs,  by  reafon  the  Number  of  Pcrfons 
prefent  fhak*d  the  Room,  the  Society  order'd  me  to  make  th^  Experi- 

"IdenC  at  Home,  'before  one  or  more  of  their  Members. 
•    MarHn'  Fattxs^  Efq;  was  prefent  whin  I  made  thfe  Experiment 
at  my  Houfe,  where  we  made  four  Trials  in  the  fallowing  Mkn- 

t     The  whole  Machine  being  fix^d,  as  above  mentioned,  wc!  -flrft  let 

*fi41  a  <juinea  and  two  Papers,  the  one  plac'd  over,  and  die  other 

tinder  it,  (before  any  Air  was  pump*d  out)  and  the  Guiti^  came  to 

*€he  Bottom  wheh*  the  Papers  were  only  in  the  middle  of  the  fecond 

tGiafs-from  the  T^.    Then  havii^  hud  a-Feather  on  the  Brafe-Springs 

:dofe  by  die  Gufaiea,  we  let  them  loofe  both  together;  and  the  Feather 

was  fallen  only  down  to  the  fourth  Part  of  the  Length  of  the  firft  Glafs^ 

or  one  fixteenth  of  the  whole  Diftance,  when  the  Guinea  was  ^t  down 

4k>  die  Bottom  oP  the  Receiver.    We  then  laid  two  Papers  and  two 

Feathers,  one  of  each  under,  and  the  other  over  the  Guinea  between 

the  Sprii^  ;  and  having  drawn  out  fo  much  of  the  Air  as  to  bring  up 

the  Mtrcwry  in  the  Grage-Tube  within  a  JQuaitW.  of  W  Inch  of  the 

greateft  Height  ty^  which  it  could  be  then  rais'd  by  the  Preflure  of  the 

external  Air,  we  c^us'd  the  Bodies  to  ffdl  all  at  once :  And  though  the 

Papers  came  dawn,  to  the  Bottom  at  the  (ame  Time  as  the  Guinea,  yet 

the  Feathers,  being  much  lighter,  wanted  about  three  Inches.    But  at 

Isft,   having  laid  the  Papers,  Feathers,  and  Guinea,  as  before,  we 

pump'd  out  all  the^  Air,  and  dien  the  Feathers,  as  well  as  the  Papers, 

came  to  the  Bottom  of  the  Receiver  at  die  lame  Inftant  of  T^e  as  the 

Guinea.  ....  j 

XXXVI.  I.]    I.  took  twelve  Balls,  (fix  of  which  were  fol^l  Leaden  Experiments 
Globes,  of  about  .two  Inches  Diameter ;    three  hoUow^  Glafs  Balls  tpfii^bow 
of  about  five  Inches  Diameter;  and  diree  light  Paftcboaild  hollow J^^'^^^ 
Globes  of  about  the  fame  Diameter)  and  having  carried  than  to  ^^  KxxretJris 
upper  Gallery  in  the  Lanthorn,  on  the  Dome  of  St.  PmTs  Church,  Palling  fio- 
I  caus'd  them  to  fall  down  by  two  at  a  Time,  in  the  following  Man-  ^^^^''• 

ner  •  J*       i^efa- 

.  Firft,  a  Leaden  Ball  and  a  Glafs  Ball.  ^^'^^^' 

Secondly,  a  Leaden  Ball  and  a  Glafs  Ball. 

Thirdly,  a  Leaden  Ball  and  a  Glafs  Ball. 

Then  1  let  fall,  in  the  fame  Manner,  the  three  other  Leaden  Balls,  * 

each  widi  a  Pafteboard  Ball. 

After  that,  having  the  Leaden  and  Pafteboard  Balls  brought  up 
again,  I  repeated  the  Experiment  twice  more  with  a  Leaden  and  Pafte- 
board Ball :  Then  I  made  the  Experiment  twice  mote  with  a  Pafte- 
board Ball  alone,  to  fee  how  long  it  would  be  in  falling, 
• 

4  O  2  ,  Upon 


Upop  the  i^^hole*  ir  appenr-d,  thar  tlie  hctidtm  SjdlB.;ffVft  g  Teiy  little 
longer  tbap^  49 S^oo^  in  faUing  ^^he  fFQ  i^u^  «f  It^  Qla&  ftiUs  6 
Secoqds,.aiidt^Paftfboar4Ball9i^^Se(^  .    .     t 

The  Height  of  the  Gallery,  from  wh^ice  tha  Bo^ipa  ffdU,  waa  272 
Foot  ahove  the  Fayemept  of  the  C^m^  (tben  cqy^'d  Vildi  BQ«ida)  up- 
on whjqhjthey  felj,     .         1  ,  .:,.       . 

The  Times  of  the  Falls  were  taken  two  Ways  above,  wz.  with  a 
Whe^-Chronometcr,  which  meaAjr^^A  fmaU  Part,  of  Time  accurately, 
Ol^jec  !^aQ  to  a  Quartet  of  a  SecQtyl^  (fsadc  and  pqntfjv'd  t>y  Mr.  Gr*- 
.  i^am}  and  with  an  ^  Second  Pendiilym » ;And  thi^Pi^Mfxiccs  of-  Time 
between  thp  Fall  Qf.the.Lertdea  .BaUty  and  the  (^bfrrSalb,  were  takca 
i^l«^  Iny:  Sir^nf  Niwftm^  Mtfth^.^lkes^  W<\\  JVdi  aaothor  PcrioB, 
who>ll  agreed  in  their  ObfcrvatjftosrQf  thc.Tioip*  which  thqr  made 
.^ch/yijt^  an  half  Second  FendulMnt-^ 
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jy.  £.  The  Polar  and  Equatorial  Diameters  of  the  Glafs  Balis  bdng^ 
different,  I  have  fejt  down  a  mean  Diameter  for  each  of  'em  }  the  true 
Diameters  are  thus,  of  D  4  and  3,8.  of  £  5,6  and  gtt$.  <^F  5,7 
and  5>4  Inches.  ■  ■ .    t 

The  fartieiAir  Expirhkmts  are  as  follows. 

"Ex^^  I.  Fall  of  I  f  and  D.    e  fell  by  the  Pendulum  in  4^'. 
The  Fall  of  D  was  fo  near  it,,  thac  the  IMereace  'fras  not  taken  either 

above  or  below^ 

a  E»- 


Exp.  IL  PaQ.of  2  c  and  Ev 
a  #  feU  bjr  the  Chronometer  in  5^  bjr  the  Peoduhim  in.  41^.    Time 
of  the  Fall  of  £  not  tdsen  akove*    The  Dlffisitnce  taken  below 

Exp.  m.  Fall  of  3C  r  and  F. 

3  r  fell  by  Chronometer  in  4^^  by  die  Penduhim  in  4i'»    F  fell  in 
ftx  Seconds,    The  DiflFennce  taken IxJow^  wto  ii\ 

Exp.  IV.  Fall  of  4  c  and  A,  . 

4  c  fell  bv  Chronometer  in  4J,  by  the  Pendulum  in  ^i.     A  fell  in  61 
Seconds.    DiSerence  tsdced  below  :p:  a^v       •  '      ■ 
Exp.  V.  Faftofs^andR  /.              ...                     — 

^IV^  made  no  Obftrvation  above  fior  bebw'.L 
'  fi*p.  VIL  fWl  of  6>raiid  a 

^ifm  by;ChironDnieter  iii  4!^,  by  the  Pcgadulum  in  4F;'    Cnottsdcen. 
above;    Difference  betow^w^i^. 
•Exp*  VIL.FaUof  i^andTk  .      . 
if  c  fell  by  GhrodoiiKtei^iit4i^>..b7  the  Peiididiffiii  in  4i'«    E  not  taken 

i' above.    Ddflferciice «^ett. below  aF',.   ..  t.    

•;Exp.  VIII.  Fallof  5  irarid  A.. 

5  V  felt  by  tbeJ^sndulumiri  4^'.. .  A  felL  fottl^:  and  fo  was  not  dbkm*&. 

at  all.    Difference  takda  bebw  2!^^^ 
'   Exp.  IX.  Fan  of  B  alone.: 
By*  the  Chfon^maoer  in  6i"y  by  the  PeiiduJiiar;in  6?^ 
^^Exp.  X.  .FallofCalpafc,  •.:;    . 
By  the  Chronometer  in  6i',  by  the  Pendulum  in  6i^.' 
V  By  OalikcfsTiiGotjr  tiieXiciad^  which  wias^.4^^  in  fallings  muff  falll 
hup  Foot^die  firft:  if  ^  or  fixteeo  Feet  the  iusft.SejCO^d)  which  amount* 
to  324  Foot  in  4V.    But  as  the  Sound  of  the  Boll  (a»  it  ftnick  the 
Bottom)  by  which  wc  ceckon'd  our  Timc^!  had  272  Feet  tp  ^move,  we 
muft:  abafo  a  i  of  a  Second  nearly^  (liippofing.  Sound,  to  hiov«  om  Mile 
fti  4^)  which  wilit  take  away/g:5:FeeCy.  than  the*  Body  muft  haVe  fallen 
ki  the  laft  i  of  a  Second,  and  reduce'  the  Number  of  Feet  {0:28.9  :  So 
th^t  the^Lead  wiUvhaoneonly^iaUenii/Feflt  fliort  of  the  Theoiyy  which 
muft  be  attributed,  to  the  Reiiftanae  of  the  Air. .    . 

The  large  Glafe  Ball  in  the  6\  Seconds  of  its  Fall,  would  in  a  Fa^ 
^um  go  thraugh  576  Feefi:  But  taking. away  the  laft  i  of  a  Second 
47  Feet,  for  Motion  of  Sound,  it  muft  only  fall  529  Feet  in  Vacw^ 
Nbw  fince  it  fell  but  272,.  them;  haw  been  257  Feet  ^akcn  off  from 
the  Fall^  by  the  Air's  Refiftance;.   .         •    ;  /  . 

Likewife  the  Pafteboacd  Ballr  in:  6i  Seoondi  muft  have  fallen  676 
Feet:  Butdedudnngthe  laft  Quarter  of  a  Steond,  or  51  Feet,  for  the 
Motioi^of  the  Sound,  these joemains  only  6a5 /Feet  for  its^  Fall  in  Vacuo. 
BtttasitfcH  only  272  Feet,  wc  muft  allow  a  Retardment  of  353  Feet 
fM  tile  Rofiftaoce  of  the  Ail.. 


At 


f  yg  Of  the  Refiftanoe  rf  the  Air 

.  At  a  Mean  we  may  call  the  Wdght  of  the  Obfi  Ball  fire  Oz. 
Tfvy^  and  .its  Diameter  5  Inches  and  \  ;  and  the  Weight  of  the 
Pafteboard  Ball  two  Ounces  Troy^  and  zHait  more  thad  five  Indies 
Diameter. 

The  Lead  Balls  all  fell  within  near  a  Foot  of  one  another;  and  made 
an  Impreifion  in  the  Bdanls  of  about  {  of  their  Depdi. 

The  Barometer  ftoed  at  -30,  i  Inches,   and  the  Mercury  wasirery  con- 
,  vex,  and  therefcnt  inclined  to  rife  ftill. 

Some  further  2.]  Having  found  by  our  former.  Experiments,  that  .thin  Glais 
Experiments  Balls,  and  even  Balls  of  pafted  Paper,  were  too*  heavy  to  make  fo 
^«f^.faine.^confiderable  a  Difference  between  the  Time  of  their  Fall  and  Che 
/^.fame,iM.  p^jj  ^^  ^^^^  g^,j^^  ^^^  .^  ^^y^^  be.eafily  obferv'd  ;  I  contrived 

a  Way  to  make  dry *d.  Hogs  Bkuiders.  pcrfeftly  roimd,  by  blowing 
them  (when  moift)  withip  a  ftrong  fyherical  Box  of  Ligmm  Vii^^ 
and  letting  them  dry  in  the  (aid  Box  btfore  I  took  them  out : 
Which  I  did  by  opemag  the  Box  diat  fcrcw'd  in  the  Middle,  and 
had  a  Hole  in  the  Pole  of  one  of  its  Hemifphenss  to  let  the  Blad- 
der pafs  through,  in  order  to  tie  it  after  blowii^;  and  fome  few  (mail 
Holes  all  over  the  Box,  that,  in  blowing,  no  Air  might  be  oonfin'd 
between  the  infide  of  the  Box  and  the  Bhidder,  fo  as  to  hinder  it 
from  putting  on  a  fpherical  Figure.  Befides,  I  todc  off  the  Ends  of 
the  Ureters^  the  Fat,  and  a  great  deal  of  the  upper  Coats  of  the 
Bladders,  before  I  blow'd  them  in  the  Box,  to  render  them  ft^ 
lighter. 

The  Bladders  I  us'd,  were  fome  of  the  thinneft  I  could  find  ready 
blown  at  a  Dm^/'s,  which  I  moiften'd  in  Water^  taking  Care  to 
leave  none  in  the  infide. 

Having  prepared  five  Bladders  in  the  Manner  aforefatd,  I  took 
them  up  to  the  upper  Gallery  in  the  Lanthom  on  the  Top  of  the 
Qfipola  in  St.  Pom's  Church ;  and  there,  by  a  Contrivance  which  I 
ihall  defcribe,  I  let  them  fall  by  me  at  a  Time,  together  wkh  a 
Leaden  Ball  of  about  two  Inches  Diameter^  and  weighing  2/.  Tny: 
And  I  took  Notice  of  the  Time  of  the  Fall  of  each  Bbulder,  know- 
ing by  former  Experiments  that  the  Balls  are  about  47  Seconds,  or 
a  little  longer  Time,  in  fidling  the  lame  Height,  which  is  272 
Feet. 

The  following  Table,  confifting  of  five  Colmnns,  ^ves  in  the 
firft,  the  Marks  of  the  Bladders  ;  in  the  next  tlieh-  Diameters^  in  die 
third  their  Weights,  in  Grains  Troy ;  in  the  fourth  the  Times  of  their 
Fall  in  Second  Minutes  of  Time;  and  in  the  fifth,  the  Difference 
of  Time  between  the  Falls  of  the  Leads  and  of  each  Bladder  i  taken 
below  by  Sir  If.  Newton^  Dr.  HdUy^  Dr.  Jurin^  Martm  FMts^  Eii^ 
and  Mr.  Graham  the  Clock-maker.  The  Time  was  taken  above 
with  Mr.  Graham*^  Chronometer  •,  and  below  with  the  feme  Inftru- 

meni^ 


meot,  and  three  half  Secopd  Pendulums^  all.  which  agreed  rery  well 
tx)gecher. 

The  Experiments  havuig  been  made  twice  over^  the  Table  is 
twice  fet  down ;  and  thofe  Experiments  in  which  the  Bladders  fell 
ftraight  down,  and  the  moft  r^larly,  have  this  Mark  be&re 
them  (•). 
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Marks. 

tlXoKutm 

iWHgbtw 

a'ime/tbADiff.   ietwtem  the. 

JnInck..f^ainsTr^MeFaE. 

Lead  oMd  Bladder. 

A 

5*  3 

128 

'94" 

X4  4  Seconds. 

•B 

5.  '93 

'5^. 

n\ 

'ai 

C 

5.  S| 

'37* 

i8| 

i    '41 

D 

5,  26 

97^ 

22| 

i7f 

•E 

5*  oz 

99i 

2lJ 

17 

•A 

, 

'9*^ 

'4f 

B 

i8{ 

'4i 

•e 

i8| 

14 

D 

1 

24 

i9i 

£ 

1 

21  i 

I6{ 

The  Diameters  and  Weights  may  be  lely'd  upon,  being  taken  the 
Day  that  the  Experiments  were  made,  and  the  Day  after ;  but  the 
Dianieters  and  Weights  taken  ten  Days  before,,  not  agreeing  with 
thefe,  I  have  left  them  out  For  the  Bladders  by  drying  had  lof!: 
their  Weighty  and  alter'd  their  Diameters*. 

As  the  Necks  of  the  Bladders  ia  drying  lhrink»  fo  as  to  open  a  little^ 
they  muft  be  blown  before  each  E9q>erimenL  And  for  the  Manner  of 
letting  them  fall  exaAly  in.  the  fame  Inftant  of  Time,  it  is  defcrib'd  by 
Figme  25,  in  which 

A,  A,  A,  A,  is  the  Hole  through  which  the  Bodies  fell :  i,.  2,  is  Fig. 
a  Board  laid  over  the  Hole.  G,  D,  D  is  another  Board  fixM  to 
thefirft  Board  by  the  two  Wood-Screws  D,  D  with  a  Pulley  G  at 
the  other  End  of  it,  over  the  Hole.  W,  is  a  two  Pound  Ball  of 
Lead  faften*d  to  a  ftrong  Thready  which  going  over  the  Pulley,  is 
jftretchM  horizontally  from  G  to  the  Nails  F ;  to  which  it  is  faftoi'd,. 
fo  as  to  be  about  a  quarter  of  an  Inch  above  the  Board. 

B  is  one  of  the  Bladders,  hanging  with  the  Neck  or  heaviefl:  Part 
downwards,,  by  Means  of  a  Loop  of  fine  Thread  as  E  H,.  which 
goes  over  the  Horizontal  Thread  G  E  F.  Now  when  with  a  Pair 
of  Sdffars  the  Thread  of  the  Lead  (which  in  all  is  but  one  Foot 
long)  is  cutjuft  at  E,  before  the  Loop  of  the  Bladder,  the  Lead 
pulling  away  the  String,  the  Loop  of  the  Bladder  flips  off  the  re- 
maining Thread  F  E,  and  begins  to  fall  exaAly  in;  the  fame  In^ 
flantas  the  Lead :  But  if  the  Thread  fhould  be  cut  between  E  and 


n< 


tU  Ofth^i^knic  o/m^vAir)  tic. 

F,  as  tteLead  Mb,  its^Threcd  might  give  che  Bkddar  M  oUiqtt 

Direftion. 

He  that  cbfefves  tfe-Tirtie  tlthn&t  Wfth>  tf  ]Pefidttlum  or  Chrono* 
meter  may  take  it  vety,  tta&ty^  by  jiMlng^  the  Moeon  of  die  SciA 
fars  as  they  cut  the  THrtad. 

N.  B.  As  the  Diameters  of  the  Bladders  were  taken  by  wrapping 
a  Thread  twice  round  them,  and  fomething  muft  be  allowed  for  the 
Thickncfs  qf  the  Th^-ead  5  I  have  here  under  feC  dowij  the  Diame- 
ters of  the  Bladders,  as  corrected  bv  that  Allfwanee.  Viz.  A  5,  28 
Inches  ;  B  5,  19)  C  5,  30 ;  H  5%\  and  E{  juft  5  Imches  in  Dia- 
meter. '       '     •  ^     .       .'     '      i 

The  Bladder  E  wa^'rojgh,  iwith  fevertll  Wrinkles  aid;  Inequalities, 
which  made  it  be  longer  in  falling  than  \i  o6ghit  to  hate  beeh,  accord- 
ing to  its  Diameter  and  Weight. 

A  Pail  of  Water  thrown  down  met  with  foch  a  Refiflance  in 
falling  272  Tee t  through  the  Air,  that  it  wai  all  tmn'd  into  Drops 
like  Rain. 

XXXVII.  Papers,  &c.  of  Mr.  Hawklbce'i  Omittel 

n.  303.  p.  ^*  An  Account  of  fcveral  Experimnts  on  the  Mercurial  Pbo^bortu, 

2129,  made  before  thc'R(tyal  Society. 

^  2.  An  Account  of  feveral  Eicperiments  made  before  th6  fUfal  So- 

2165:  ^  ^'^(yj  concerning  tht  Attrition  of  Bodies  in  rarioos  MidiMms.'^'^---Of 
Amher  on  Woollen  in '  Vacuo.  —  Of  Flint  on  Steil  in  Vacuo.  —  QfGU^s^ 
arid  various  other  Bodies  in  Vacuo.-^  Of  Glafs  onWoolkn-^^of  Glafi 
on  Ojfter-Sbells  —  oi  Oxfter-Sbdk  on  fVooOen  --- erf  fVoolleti  on  Waolla 
— ofGldJs  on  Glafi—6f'GlafsQn  Glafs  under  fVaterl  • 

3.  .An  Experiment  dopcerning  the  PrdduSion  of  IJ^bt  on  afligfae 
Attrition  of  the  Bands  on  t'Glafs  Globe  exhauffed.of  ks  Ait,  Sco. 

4.  An  Experiment  concerning  the  Eleilricity  of  GkjfSy  pr^vkC'd  ky  a 
fmart  Attrition  of  it.  . 

5.  A  Continuation  of  the  Experiments  of  the  Atfritim  onGU/s. 

6.  Some  further  Experiments  relating  to  the  EUBricity  of  <£i^^  and 
of  the  EffeSls  of  the  Effluvia,  &c. 

,  7.  An  Experiment  oonfmning  a  former  cmc,  concerning  the  Pro- 
duftion  of  £^^i&/  by  the  Effluvia  of  one  Glafs  falling  on  another  iA 
Motion. 

Ibid.  p.  2415.      ^-  Ari  E^erim/ent  (hewing  the  DifHcuky  of  Separating  two  Hobi- 
'  Jpberes,  upon  the  injeflting  of  an  Atmofphere  of  Air  oA  their  0$tward 
Surfaces,  yi\t)^o\xtexbauftif^iiit\nz\xidLtA  Air: 

9*  An  JEx;p^V«^»/  'concerning  the  Proportion  of  the  Weight  of  jSr^ 
2i2^u^  ^     ^^  t^^  Weight  of  ah  equal  Bulk  of  ft^aier,  without  knowing  the  abfb- 
lute  ^antity  of  either. 

10.  An 


n.  307. 

P- 

2277. 

n.  308. 

p. 

2327. 

Ibid.  p. 

2332 

n.  509. 

P- 

237*. 

n.  310. 

P- 

2313. 
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10.  An  Experiment  fhewing,  that  tht  Jfcent  of  Liquids  in  Small  IM.ip.  tziy. 
Tubes  open  at  both  Ends,  is  the  fame  in  Facuo  as  in  the  open  jUr. 

1 1.  An  Experiment  concerning  the  S^uantity  oi  Air  produc'd  from  a  «•  31  «•  p« 
certain  ^antity  of  Gun-p9wder  hfd  in  common  Air.  *+^9- 

12.  An  £x'/'m»i«r/ (hewing,  that  the  Springs^  or  conftituent  Parts  ^'^»^. p.  24 «^ 
of  Air  are  capable  of  fufFering  fuch  Diforder  by  a  violent  Impulfe^  as 

to  require  Time  to  recover  their  Natural  State. 

13.  An  Experiment  J  ihcwing  the  Caufe  of  the  Defcent  of  the  Mer-  n.  292.  p, 
€UTy  in  the  Barometer  in  a  5/^iw.  1629. 

14.  Experiments  on  the  Produftion  and  Propagation  of  Light  from  n.  296*  p. 
rht  Pbofpborus  m  Vacuo.  1865. 

1 5.  Experiments  concerning  the  Propagation  of  Sounds  in  Condenfed  n.  297.  p. 
and  iJiirc/?^^  Air.  *902. 

16.  £x/mw^»/j  concerning  the  iJ?^//7/^»  or  Rebounding  of  Bodies  n,  298.  p. 
in  Various  Mediums.  1946- 

17.  Some   farther  £x/^'»i^/j  concerning  the  Eleilricity  and  £/^i&/ 0.315.?.  82* 
produced  from  various  Bodies  by  Attrition  —^  of  G/^yJ  —  of  Sealing- 

fVax  —  of  Sulphur  and  Rojin. 

18.  An  Account  of  the  Succefs  of  an  Attempt  to  continue  feveral n.^iS.p.zij. 
Atmofpheres  of  Air  condens'd  in  the  Space  of  One^  for  a  corifiderable 

19.  An  Experiment  concerning  the  Produftion  of  Light  in  an  ex-  n.3i8.p.2i9, 
hauiied  Glafs,  lin*d  on  the  Infide  with  Sealing-fVaxj   upon  an  Attrition 

made  on  its  Outjlde. 

20.  Experiments  concerning  the  -^«f/  of  Liquids  between  t^e  nearly  n,ii^.^.z^s. 
contiguous  Surfaces  of  Bodies  —  between  two  Glafs  Planes  in  the  Open 

Air  —  and  in  Vacuo  —  between  Marble  and  Brafs  Planes  in  the  Open 
Air. 

11.  The  Afcent  of  Liquors  between  two  Round  Glafs  Planes  in  the  /^/V.  p.  265. 
Open  Air. 

22.  The  Afcent  of  fVater  through  a  Tube  fiird  With  jp?es  in  the  open  ^/V.  p.  262, 
Air -^  znd  in  Vacuo. 

23.  The  -/^«i/  of  Liquors  in .  5«r<ii/  5ir^^i  of  unequal  Tbicknefi^  but  ^^'^-  P-  2^- 
^;i^  j/  ^^m  or  Cavities n 

24.  The  -/^r»/    of  various    Liquors    between   two   Square   Glafs  Bid.  p.  266. 
Planes. 

25.  An  Account  of  an  Experiment  concerning  the  different  Den/itiesn.ys  P-93- 
of  the  jfir^  from  the  greaiteft  Degree  of  Heat  to  that  of  Cold  in  our 
Climate. 

26.  An  Acc<3iutt  of  Jin  Experiment  coricerrting  the  different  fVeigbts  n^  ^zo.f.^oS. 
of  the  fame  forts  of  Bodies^   but  of  very  unequal  Surfaces  in  fVater^ 

which  weffe  of  equal  fVeight  in  common  Air. 

tj.  An  Experiment  concerning  the  different  Denjities  of  common  Water  n.3i9.p.267. 
from  the  greatdt  Degree  of  Heat  in  our  Climate  to  the  Freezing  Point 
obferv'd  by  a  Thermometer. 

2F.  Experiments  in  relation  to  the  fVe^hf  of  common  Water  under  i*<^.  p.  26^. 
different  CitxJumftanccs. 

VofcvlV.  Part  IK  4  P  29.  An 
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n4^2o.p.302.      29.  An  Experiment  concerning  the  Freezing  of  common  fFiatr^  and 

IFattr  purged  of  Air. 
/W.p.  304.       30.  An   Experiment  concerning  the  Freezif^  of  common  fTater^ 

ting'd  with  a  Liquid,  faid  to  be  extraded  from  Sbell-Lac. 
ft.32i.p.367.     31.  An  Experiment^  (hewing  that  aSual  Sound  v&not  to  be  tranf- 

mitted  through  a  Vacuum. 
/^iV.  p.  369.       32.  An  Experiment  concerning    the  Propagation  6f  Sound  pafling 

from  the  fonorous  Body  into  the  common  Air ^  in  oneDireSion  only. 
Ibid,  p  371.       33.  An  Experiment  concerning  the  Propagation  of  Sound  through 

Water. 
n.  3  2  2. p.  39 1.      34.  An  Experiment  J     Ihewing  that  an  Ohjell  may  become  Vijlbk 

through  fuch  an  Opake  Body  as  Pitch  in  the  Darky  while  it  is  under 

the  Circumftances  of  Attrition  and  a  Vacuum. 
"  323.P.439.      35.  An  Attempt  to  produce  L/j^ir/  on  the  Infide  of  a  Globe  Glaji 

lin^d  with  melted  Flowers  of  Sulphur. 
Ibid.  p.  440.       36.  A  Repetition  of  the  foregoing  Experiments^  &c. 
n.  328.P.196.      37-  Experiments  concerning  the  ^ime  required  in  the  Defcent  of  Bodies 

of  different  Magnitudes  and  Weights,  (^c. 
Ibid  p.  199.       38.  Experiments  concerning  the  Effeils  of  Air  pa&'d  through  red 

hot  Metalsy  &c. 
n.  328.P.204.      39.  A  Defcription  oi  tht  Apparatus  for  ma^^ng  Experiments  on  the 

Refr anions  of  Fluids  \  With  a  Table  of  the  Specific  Gravities^  Assies 

of  ObfervationSy  and  Ratio  of  RefraSions  of  feverai  Fluids, 
n.  331.P.325.      40.  A  Repetition  of  an  Experiment  of  Dr.  Hook' s^  concerning /Qw 

LiquorSy  which  when  mix'd  together  poffefs  lefs  Space^  than  when  Sepa- 
rate i  with  another  Experiment  confirming  the  fame. 
/5;V.  p.  328.       41,  An  Account  of  an  Experiment^  concerning  an  Endeavour  to 

produce  L/^i&/ through  a  Metallic  Body^  under  the  Circumftances  of 

Attrition  and  a  Vacuum. 
n.  332.p.395.     42.  An  Account  of  an  Experiment  concerning  the  DireSion  of  a 

Drop  of  the  Oil  of  Oranges  between  two  Glafs  PlaneSy  towards  any 

fide  of  them  that  is  neareft  prcfs'd  together. 
«^  333P43I.      43-  Experiments  on  keeping -fi^j  in  fVater  under  different  CircuM' 

fiances. 
"•  334P-473-      44*  Of  the  Angk  required  to  fufpenda  Drop  of  the  Oil  of  OrangeSy 

at  certain  Stations,  between  two  Glafs  Planes^  plac'd  in  the  Form  ot 

a  fVed^e. 
J^'  335P5'^-     45.  The  Specific  Gravities  of  feverai  Metallic  Cubes  in  CompariioR 

with  their  like  Bulks  of  ^^/^r. 
n.  336.P.539.     46.  An  Experiment  concerning  the  Afcent  of  /jf^^/^r  between  two 

Glafs  Planes  in  an  Hyperbolic  Figure. 
/^'V.  p.  541.       47.  A  Defcription  of  (cvtrzl  Strata  of  Earthy  Stone,  Coal,  &c.  found 

in  ^  Coal-Pit  at  the  Weft  End  of  Dudley  in  Stafford/hire,  by  Mr.  F^r- 

//p/^r^  jB^//<?rj,  F.  R.  S^      To  which  is  added  a  Table  of  the  Specific 

Gravity  of  each  Stratum,  by  Mr.  F.  Hawkfbee. 
n.  335P-505-     48-  Experiments  concerning  the  Proportions  of  thtPower  of  the  Ufoi- 

fione^x  different  Difiances\  with  a  Dtfcription  of  the  Load-ftone  made 

ufe  of*.  49^  Aa 
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49.  An  Experiment  concerning  the  Propcrtions  of  the  Afcent  of  Spirit  n.  337-P-»5»- 
t)f  Wine  between  two  Glafs  Planes^  whofc  Surfaces  were  placed  at  diffe- 

rent  Dijiances  from  each  other. 

50.  Experiments  concerning  the  jifcent  of  Water  between  two  G^afs  Ibid.  p.  153. 
Planes  in  an  Hyperbolic  Curve. 

51.  A  farther  Account  of  the  Jfcending  of  Drops  of  5^V/V  of  Wine  Ibid.  p.  155. 
between  two  Glafs  Planes  twenty  Inches  and  a  half  long ;  with  a  ^able  of 

the  Diftances  from  the  touching  Ends  and  the  yf»^/?i  of  Elevation. 


CHAP.     11. 
Hydrology. 

1.  T)OTH  Olaus  Magnus  and  other  Writers  having  related  fome  Things  ^»  j^ccountof 
j3  furprifing  and  unufual  concerning  the  Lake  ^^//^,  I  thought  it  '^'  ^''^g  ^*^^' 
worth  while  to  enquire  more  narrowly  into  the  Nature  of  that  Lake^  and  ^j^^  T^y  Dr. 
the  Veracity  of  thofe  Authors  ;  and  where  I  had  not  an  Opportunity  of  Urban 
making  Obfervations  myfclf,  to  afk  the  Teftimonies  of  Perfons  of  a  Hearnc. 
good  Charafter  living  in  the  Neighbourhood  of  it,  who  could  folve  all  ^-  ^^'  P- 
my  Queftions  with  Matters  of  Fadt.  *^^  ' 

The  Lake  Vetter  running  from  North  to  South,  from  AJkerjund  in 
Nericia  to  Jonekoping  in  Smolandj  meafures  fourteen  Swedijh  Miles  in 
Length,  one  of  which  is  equal  to  five  or  fix  Miles  Englijbj  and  ten  of 
them  make  almoft  a  Degree :  But  in  Breadth  it  is  only  three  Miles,  and 
in  fome  Places  hardly  more  than  two.  This  Lake  upon  Account  of  the 
high  Mountains  about  it,  which  in  fome  Places  begin  upon  the  Borders 
of  it,  and  in  other  Places  are  at  a  little  Diftance  from  it,  appear  de- 
prefled  towards  the  Shore  to  People  Handing  near  it.  It  is  remarkably 
deep,  but  its  Depth  is  fo  unequal,  that  in  fome  Places  you  find  the  Bot- 
tom at  eighty  Fathoms,  but  in  feveral  Parts  on  the  Borders  of  OJlro^ 
gotblandy  and  in  a  few  of  Weftrogothlandj  at  three  hundred  Fathoms  you 
find  no  Bottom.  An  Inhabitant  of  Vadften^  BenediSlus  Amberni^  in  order 
to  found  the  Depth  of  the  Lake  upon  the  Borders  of  the  State  of  Grra- 
nen^  let  down  fome  Fathoms  of  Rope  with  a  Hatchet  at  the  End  of  it, 
but  not  finding  any  Bottom,  when  he  gathered  up  the  Rope,  inftead  of 
the  Hatchet  he  found  a  Horfe's  Skull  very  neatly  fattened  to  it.  An 
Abyfs  like  to  this  at  the  Precipices  of  the  Mountain  Obmen^  which  are 
called  the  Weftern  Wally  has  always  deceived  thofe  who  have  attempted 
to  found  it;  fo  that  few  dare  venture  upon  it  for  fear  of  the  Weft: 
Wind,  which  growing  ftormy  of  a  fudden  eafily  lofes  the  VeflTels  down 
the  Sides  of  the  Mountains  in  fpite  of  all  the  Anchors  they  throw  out  oa 
every  Side.  In  the  fame  manner  formerly  at  a  certain  Province  of  Wefiro- 
gotblandy  the  Governor  Count  Jobannes  Oxenjiiem  after  throwing  out 
three  hundred  Fathoms  could  find  no  Bottom,  which  is  attefted  by  fome 
Fifhermen  ftill  alive,  who  were  employed  in  that  Affair.    This  Water 
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is  no  iefe  clear  thin  it  is  deepy  fo  that  you  can  difcem  a  ir^iy  fioall  Ficor 
of  Money  at  a  confiderable  Depth.  Ericus  Simonius  Faftor  and  Over- 
feer  of  Vadften  fays,  that  in  a  clear  Day  he  has  been  able  to  perceive  a 
Silver  Penny  in  the  Water  fixty  Fathoms  deep.  But  at  fome  Diftance 
from  the  Surface  it  appears  tinged  fomewhat  green  :  And  no  wonder  if 
the  Filth  coming  from  fo  many  fmaller  Lakes,  Mountains  and  Woods» 
.    (hould  taint  this  limpid  Water  confiderably. 

Although  this  Lake  of  VeUer  is  larger  than  moil  others,  yet  the  moft 
Part  of  it  is  free  of  Rocks,  and  there  are  very  few  Iflands  in  it.  The 
chief  of  thefe  is  called  Vifingfoe^  formerly  the  Seat  of  the  Family  of 
the  Brabde,  and  lies  in  the  Middle  of  the  Lake  between  Grenna  of  Sm9- 
land  and  JVsftrogotblandj  and  North  from  that  is  the  Ifland  of  Robim 
over  againft  the  Baths  of  Medevien.  There  are  befides  thefe  fome  fmall 
Iflands  near  the  Shore,  but  they  are  very  fmall  and  few  in  Number.  But 
being  freely  expofed  to  Winds  and  furrounded  with  very  high  Moun- 
uins,  no  wonder  if  it  is  but  feldom  calm,  and  the  Boats  are  to/ied  upon 
it  in  frequent  Storms ;  which  come  often  fo  unexpefted  that  there  begins 
a  Mption  within  it  while  the  Waters  are  as  fmooth  as  a  Mirror,  before 
the  leaft  Breath  of  Wind  is  felt.  Which  feems  to  be  owing  to  thcTempeft 
heaying  up  the  Waters  elfewhcre,  and  gradually  protruding  them  before 
the  Winds  have  reached  that  Part  For  it  is  no  unfrequent  Thing  in  the 
Vetter  for  the  Veffels  to  be  toffed  by  the  Winds  in  one  Part,  while  hard 
by  it  is  fo  calm  that  others  are  obliged  to  make  ufe  of  Oars.  This  feems 
to  indicate  that  Commotions  may  be  raifed  in  the  Waters  by  fubterra* 
neous  Winds,  and  Varenius  attempts  to  explain  the  like  Effects  in  his 
Univerfal  Geography.  A  great  many  Phaenomena  confirm  this  Conjec- 
ture, For  when  the  Tempeft  and  Clouds  are  threatening,  you  may 
perceive  a  kind  of  howling  and  thundering  Noife  in  the  Waters  while 
the  Air  continues  ferene,  which  I  had  occafion  myfelf  to  hear  feveial 
times  while  at  the  Baths  of  Medevien  when  the  Air  was  quite  calm,  and 
was  always  followed  with  a  violent  Storm.  But  the  Inhabitants  of  fl- 
Jingfoe  are  moft  fcnfible  of  this,  having  their  Ears  confounded  with  a 
Noife  like  that  of  Guns,  from  that  Part  of  the  Ifland  whence  they  ex* 
pect  the  Storm  to  come  next  Day.  And  when  thefe  Explofions  are  heard 
towards  the  Eafl:,  they  have  a  Stqrm  from  that  Quarter  for  the  moft 
part  attended  with  Hail  and  Rain.  The  various  puffing  up  of  the 
Waters,  the  fudden  rifing  of  Vapours,  and  hafty  flying  out  of  BJafis, 
which  fome  People  have  obferved  in  this  Lake,  are  worthy  to  becakea 
Notice  of.  Something  of  this  Kind  was  obferved  not  ^KUthout  Sur- 
prize by  Abraham  Winandz  the  Architeft,  who  happening  once  to  pa& 
by  thofe  Coafts  with  fome  Friends,  while  the  Waters  were  quite  cadm^ 
(aw  little  Clouds  darting  up  from  the  Bottom  here  and  there,  and  join- 
ing themfelves  with  the  Air  in  Form  of  Smoak,  fell  dowa  in  gende 
Showers  upon  them  every  now  and  then  all  that  Day  ;  all  which  ai^gue 
ftrongly  that  there  are  fuch  Things  as  fubterraneous  Winds. 

Doubtlefs  the  fame  Wind,  with  the  Storm  coming  from  above,  is  the 
Gaufc  why  in  the  Spring,  the  lec  which  jijft  now  is  ftrong  apd  thick. 
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enough  to  b(^r  Horfes  and  Carriages,  is  fp  broken  and  dirperfed,  that 
you  may  prefcntly  fail  Vjery  fafcly  upon  it.  But  before  this  dreadful 
breaking  of  the  Ice,  the  horrible  Noife  of  the  Waters  which  precedes 
it,  warns  the  frightened  Travellers  that  are  upon  it  to  get  oflf  as  quick 
as  poflible;  but  if  they  happen  to  be  far  from  the  Shore,  they  are  ci- 
ther immediately  drowned,  or  drove  up  and  down  for  fonxe  Time  upon 
Fragments  of  Ice^'and  fpmetimes  the  Ice  prefently  fmks  when  the  Air 
is  very  little  moved. 

Whether  or  not  there  are  metallic  Vapours  ferving  to  produce  thefc 
fubterraneous  Winds,  I  fhall  not  pretend  to  determine.  But  that  thefe 
are  not  wanting  there  is  plain,  from  feveral  Mountains  of  Nericia  and 
IVeftrogQthlandj  on  the  North  Side  pf  the  VettCTj  with  Veins  of  Iron 
Ore,  and  perhaps  more  noble  Metals  more  lately  difcovered,  and  other 
different  Kinds  of  Minerals,  viz.  Antimony,  Loadftone,  Chalk,  Mica 
Sterilis,  feveral  Sorts  of  Silver  and  Lead  Ores,  and  Marchafite, 
whence  Sulphur,  Vitriol,  Allum,  and  other  foflile  Subftances  ufe  to  be 
cxtraftcd.  And  in  the  Waters  themfelves  there  is  found  a  great  Quan- 
tity both  of  Marchafite,  and  a  rufty  Kind  of  Oker.  The  Ignis  fatuus 
muft  likewife  be  referred  to  this  Place,  being  not  only  ©bferved  fre- 
quently upon  the  Borders  of  the  Lake,  but  in  the  Night  Time  it  is 
feen  flying  in  the  Middle  of  the  Waters,  and  confounds  the  Fifhermen, 
and  a  great  many  are  perfuaded  that  this  is  owing  to  metallic  and  ful- 
phureous  -Exhalations.  Nor  is  the  Granate,  Porphyry,  Jafpcr,  Chry- 
ftal,  and  other  precious  Stones  produced  in  this  Lake,  formerly  colled:** 
cd  by  Count  Peter  Brabens^  and  fo  finely  polifhed,  as  to  be  ufed  a- 
mongft  the  bridal  Ornaments  of  the  Ladies  of  Vijingjburg^  generated 
without  the  Alfiftance  of  mineral  Vapours.  All  thefe  acknowledge  a 
mineral  Origin,  not  to  mention  the  Baths  of  MedevieUj  in  the  Borders 
of  the  Fetter. 

Amongft  the  other  Properties  of  this  Lake,  we  muft  not  pafs  over 
the  remarkable  WhirUpools  and  violent  Torrents  here,  which  though 
they  have  only  one  Vent,  yet  being  diredly  oppofed  to  the  Winds  and 
Waves,  are  very  troublefome  to  the  Fiftiermcn.  Hence  it  has  been, 
fufpe^ted  on  Account  of  its  vaft  Depth,  and  the  private  Channels,  and 
Aibterraneous  Winds,  that  there  muft  be  a  Communication  under 
Ground  of  the  Vetier  with  another  Lake,  ten  Swedijh  Miles  to  the  Weft 
of  it,  called  the  Venner.  And  this  is  the  more  probable,  from  the  dif- 
ferent Quick-fands  that  are  betwixt  thefe  two  Lakes,  two  of  which^. 
in  the  Parifh  of  Fegren^  called  the  black  and  white  Quick-fands,  Had* 
dorpbius  had  meafured.  He  found  them  to  be  of  a  prodigious  Depth,, 
and  obferved  in  them  an  inteftine  Motion,  as  if  they  were  turgid  with, 
a  Kind  of  Ferment.  The  fame  Opinion  is  likewife  ftrengthened  from 
this,  that  fome  Years  the  Vetter  is  confiderably  fwelled  without  any 
manifeft  Caufe,  and  falls  ^ain  afterwards  the  fanw  Way.  Mr.  Danid 
Ridley  Minifter  at  Motala^  has  obferved  concerning  this  Lake  thefe  fevem 
Tears  by-paft»  that,  ia  fome  c^ertain  Places  it  gradually  decreafed,  fo 
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'  as  you  could  walk  dry-footed  fome  Fathoms,  where  Boats  uied  former-^ 
ly  to  go,  the  Scafons  in  the  mean  Time^  viz.  in  the  Years  1680,  1682, 
1684,  and  1685^  being  every  where  fufficiently  rainy.  But  in  the  Year 
1686,  towards  Autumn,  the  Waters  began  again  gradually  to  increalc 
till  the  prefent  Year  1688.  But  whether  the  Vetter  keeps  its  ftated 
Times,  the  fame  as  they  fay  of  the  Venner^  increafing  fcven  Years,  and 
then  diminifhing  other  feven,  I  am  not  able  to  determine.  It  is  like- 
wife  furprifing,  that  in  a  ferene  Air  they  can  hear  the  Cannon  at  Stock-' 
holm  and  other  Places  thirty  Miles  diftant.  So  that  in  the  Year  1685, 
when  the  Princes  of  Stockholm  were  buried,  they  heard  the  Report  of 
the  Cannon  exaftly  at  fix  o'Clock.  And  with  the  fame  Eafe  in  the 
Ye^r  1676  they  heard  the  Explofion  of  the  Guns  in  a  Sea-Fight  di- 
ftinftly  at  about  thirty  Miles  Diftance. 

As  to  what  Olaus  Magnus^  MeJfeniuSy  and  other  Hiftorians  relate  con- 
cerning Gilbert^ %  Cave  in  the  Ifland  of  Vifingfoe^  I  leave  to  the  Credit  of 
thefe  Authors.  This  however  is  certain,  that  there  ftill  remains  a  Ca- 
vern full  of  a  fulphureous  and  very  naufeous  Stench,  which  I  imagine, 
according  to  the  Opinion  of  the  People  in  that  Place,  to  be  owing  to 
the  Naftinefs  gathered  in  Length  of  Time  in  the  Cave  fituated  near  the 
Waters,  exhaUng  fulphureous  and  moift  Vapours.  And  that  there  ap- 
pear upon  the  Borders  of  it  different  Speftrcs  and  Phantoms,  for  the 
mod  part  refembling  Women,  fometimes  Horfes  and  other  Animals, 
frifking  about,  no  Body  who  is  intent  upon  thofe  Curiofities  will  deny. 
There  are  feveral  Stories  both  of  former  Ages  and  of  the  prefent, 
which  I  could  bring  in  to  confirm  this,  if  I  was  not  refolved  to  pafs 
it  over  fo  flightly. 

But  I  muft  not  negleft  to  mention  the  famous  River  Motala^  which, 
as  I  faid,  is  the  only  Mouth  of  the  Vetter^  and  at  certain  Times  ufcs 
to  lay  afide  its  Fluidity,  and  ftop  its  Courfe  in  fuch  a  Manner,  as  you 
tould  go  freely  into  it,  and  fometimes  take  up  Fifhes  that  were  left  in 
the  Bottom  of  it  without  any  Impediment,  as  it  happened  in  the  Years 
1682  and  1685,  about  Cbriftmas.     The  common  People  in  that  Coun- 
try are  unanimoufly  perfuaded,  that  the  Courfe  of  the  River  is  never 
ftopt  without  fomething  bad  following  it,  and  that  it  always  prefages 
either  a  great  Dearth  or  a  War,  or  fome  pubHc  Difafter,  in  the  lame 
manner  as  a  Whale's  coming  into  the  Thames  is  faid  by  the  Engtifi  to 
portend  fomething  fatal.     But  whatever  Stories  they  have  about,  if 
they  are  not  conformable  to  the  Laws  of  Nature,  give  no  Satlsfadioa 
to  a  phyfical  Perfon,  enquiring  into  the  natural  Caufes  of  fuch  furpri- 
fing Effefts.     I  was  therefore  foUicitous  in  enquiring  into  thofe  Thmgs 
which  feemed  to  give  Light  to  this  Phasnomenon,  although  I  never  had 
the  Opportunity  of  feeing  the  Courfe  of  the  River  ftopt.     But  how- 
ever variouQy  the  Inhabitants  near  this  River  attempt  to  explain  this 
Affair,  imagining  that  at  that  Time  the  Waters  retiring  from  die  Shores 
fink  into  the  Channel,  yet  I  have  always  fufpefted  that  this  Part  of  the 
River  above  where  the  Current  was. ftopt  muft  be  obftruded  with  Ice 
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or  Snow^  fo  as  to  dam  it  up,  while  the  Waters  below  run  on  towards 
the  Sea.  And  what  gives  a  Foundation  for  this  Opinion  is,  that  this 
flopping  of  the  River  never  happens  in  the  Spring,  Summer,  or  Au- 
tumn, but  always  about  CbrifttnaSj  or  the  Beginning  of  the  new  Year ; 
and  tiiat  it  is  always  near  the  Bridge,  where  the  Water  being  at  leaft 
above  three  Yards  deep,  the  Stone  Pillars  upon  which  the  Bridge  is 
built  retard  a  good  deal  the  Courfe  of  the  River  there.  That  this 
Conjefture  is  agreeable  to  Truth,  the  above-mentioned  Minifter  of  the 
Church  at  Motala  aflferts,  both  from  his  own  Experience  and  that  of 
other  Perfons.  His  Houfe  ftands  juft  upon  the  Borders  of  the  Bridge, 
and  fays  that  there  are  long  Herbs,  fuch  as  Water-Grafs,  Knot-Grafs, 
6ff.  which  ihooting  out  from  the  Bridge  into  the  neighbouring  Cur- 
rent germinate  in  the  Water,  and  the  Ice  faftens  to  them  like  Knobs, 
and  congealed  Snow,  which  being  pufhed  away  by  the  River,  and 
ftopt  by  the  Pillars  of  the  Bridge,  at  laft  may  be  heaped  up  fo  as  to 
ftop  the  Current.  There  are  likewife  a  great  many  Builders  there, 
who  fay,  that  before  they  expeft  the  Current  to  be  ftopt,  there  are  large 
Heaps  of  Snow  fent  out  from  the  Lake,  which  fticking  like  Glue  to 
whatever  Body  they  meet  with,  fink  gradually  to  the  Bottom.  Nor  is 
it  an  uncommon  Thing  for  the  Waters  in  the  Lake  one  Day  to  be  very 
quiet,  and  the  next  Day  all  in  Commotion  ftopt  near  the  Bridge.  But 
whatever  is  the  Caufe  of  it,  it  is  ftill  furprifing,  that  this  does  not  hap- 
.  pen  when  the  Cold  is  very  intenfe,  but  when  the  Air  is  more  mild,  ge- 
nerally about  Cbriftmas^  or  the  Beginning  of  January.  Perhaps  the. 
Cold  continues  ftill  violent  under  the  Waters,  though  the  Air  is  become 
milder,  or  the  Ice  becony  fofter  fticks  to  the  Herbs  or  other  Obfta- 
cles  which  it  meets  with  in  its  Way,  and  produces  thefe  Obftruftions. 

But  I  muft  not  pafs  over  in  Silence  fome  remarkable  Particulars  of  Some  Particu- 
a  Fountain  not  far  from  the  Vetter  in  the  Parifti  of  Nye^  (where  are  the /<»«?/'« Foun- 
Baths  of  Medevien  too)  near  the  Church  and  the  Minifter's  Houfe,  which  ^  "ff*  '^^ 
I  had  from  the  Minifter  there,  whofe  Name  is  Jonah  FrodeliuSj  a  very   *  '  ^^^"^ 
ivorthy  Man,,  and  alfo  from  others.     They  call  it  the  hungry  Fountain, 
or  the  Foreteller  of  the  Crop,  becaufe    it  is  never  quite  filled  with 
Water  but  there  follows  a  Dearth  next  Year.     It  is  furrounded  on  all 
Sides  with  foft  fandy  Hills,  in  the  Middle  of  which  is  a  flat  Valley,  but 
not  at  all  marfliy.    Out  of  this  rifes  the  Fountain  by  fecret  Veins,  which, 
has  this  Particular,  that  in  a  rainy  Summer  for  the  moft  Part  it  be- 
comes dry,  and  on  the  contrary,  in  the  drieft  Summers,  immediately 
before  a  Dearth,  and  according  to  others  (whom  I   am  not  at  leifure 
to  meddle  with)  likewife  before  a  War,  it  lays  the  high  Road  between 
.Motala  and  Vadften  under  Water,  as  is  certified  by  a  great  many  People 
who   live  there.      In  the   Year   1685,  which   was  very  rainy,    this 
Fountain  was  almoft  dry,  and  not  above  half  a  Foot  deep  ;   and  in 
the  Summer  following,  the  Water  began  to  increafe.     And  the  Truth 
of  this  is  confirmed  this  prefent  very  dry  Summer,  this  Spring  having 
greatly  abounded  with  Water,  whilft  all  the  reft  in  the  Neighbourhood 
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were  quite  dried  up.    But  the  chief  Things,  to  be  obferved  about  it 
are  thefe. 

1.  That  it  prefages  a  bad  Crop  or  Etearth  to  Oftrogotbkmd  only  of  all 
the  Places  that  are  nigh  it. 

2.  This  whole  Country,  efpccialiy  in  the  Neighbourhood  of  the 
Fountain,  is  of  a  very  fandy  Soil,  in  fome  Parts  mixed  with  a 
very  hard  Clay,  and  therefore  requires  a  great  deal  of  Water  to 
make  it  fertile.     Befides  too, 

J.  The  Crops  are  only  bad  there  in  dry  Seafons,  whilft  the  contrary 
happens  in  lemptia^  and  other  more  Northern  Provinces. 

4.  That  the  Plenty  of  Meteors,  and  of  the  Seafon,  fometimes  de- 
pends upon  the  Difpolition  of  the  Earth,  and  what  lies  hid  un^er 
its  Surface. 

5.  That  the  Waters  of  this  Fountain,  (brained  as  it  were  through  the 
Sand  near  the  Sand  Hills,  are  collected  together  by  infenfible  Vdix. 

6.  That  the  Waters  may  be  increafed  or  Twelled  up  befbie  a  dry 
Seafon,  and  fall  away  in  a  rainy  one,  for  phyfical  Caules,  to  crea& 
of  which  niore  largely  I  (hall  take  another  Opportunity. 


J  New  Con-      !'•  Many  Methods  have  been  propofed,  and  many  Engines  con- 
under /^/ct*; 
to  maintain 


triyancc  for  triv*d,  for  enabling  Men  to  abide  a  competent  while  u 
^D^\^\  ^"^   ^^^  rcfpiring  frefti   Air  being  abfohitely  necef&ry  ^  .«™-«... 
^    340.  p*    -^^^^  ^"  *^*  ^^^  breathe,  feveral  Ways  have  been  thought  of  for  car* 
49  i.  rying  this  down  to  the  Diver ^  who  muft,  without  being  fupply'd  there- 

with, ret-urn  very  foon,  or  perifti. 

We  have  heard  of  Divers  for  Spunges  in  the  Arcbipelag9j  helping 
themfelves  by  carrying  down  Spunges  dipp*d  in  Oil  in  their  Mouths ; 
but  confidering  how  fmall  a  Quantity  of  Air  can  be  fuppos'd  to  be 
containM  in  the  Interftices  of  a  ^unge^  and  how  much  that  Kttk 
will  be  contrafted  by  the  Preffure  of  the  incumbent  Water^  it  cannot 
be  bdiev'd  that  a  Supply,  by  this  Means  obtain'd,  can  long  fubfift 
a  Diver.  Since  by  Experiment  it  is  found  that  a  Gallon  of  Air 
included  In  a  Bladder,  and  by  a  Pipe  reciprocally  ^nfpir'd  and  ex- 
pired by  the  Lungs  of  a  Man,  will  become  unfit  for  any  further  Re- 
fpiration,  in  little  more  than  one  Minute  of  Time ;  and  tboi^h  its 
Elafticity  be  not  much  alter'd,  yet  in  pafling  the  Lungs,  it  loies 
its  vivifying  Spirit,  and  is  rendered  effete,  not  unlike  the  Mediuoi 
found  in  Damps,  which  is  prefent  Death  to  thofe  that  breathe  it  % 
and  which^  in  an  Inftant,  exringuilhes  the  brighteft  Flamc^  or 
the  Ihining  of  glowing  Coals,  or  red  hot  Iron,  if  put  into  it.  1 
ihall  not  go  about  to,^  fhew  what  it  is  the  Air  lofes  by  baing  taken 
into  the  Lungs,  or  what  it  communicates  to  the  Blood  by  the  ex* 
treme  Ramifications  of  the  Afftt^a  Artma^  fo  intimately  interwoven 
with  the  Capillary  Blood- Veffels  ;  much  lefs  to  explain  how  it  is 
performed,  fince  no  Difcovery  has  been  made  to  prove  diat  the 
ultimate  Branches  of  the  Veins  and  Arteries  there,  have  any  A»0^ 
ftomofes  with  thofc  of  the  Trachea ;  as  by  the  Miof ofcopc  they   are 
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(bund  to  have  with  one  another.  Bm  1  leave  tMs  to  the  Anattfmlfts ; 
and  only  conclude  fronv  the  albrefaxl  Experiment,  that  a  naked  Diver, 
without  a  Spunge^  cannot  be  above  a  Couple  of  Minutes  inclos'd  in 
Water,  (as  I  once  faw  a  Florida-Indian  at  Bermudtu)  nor  much  longer 
with  a  Spunge,  without  fufFocating ;  and  not  near  fo  long  without 
great  Ufe  ai^  Prafticc :  Ordinary  Pcrfons  generally  beginning  to  ftiflc 
[  in  about  half  a  Minute  of  Time.     Befides,  if  the  Depth  be  confider- 

able,  thePreflureof  the  Water  on  the  Vcffels  is  found  by  Experience 
to  make  the  Eyes  Blood-lhot,  and  frequently  to  occafion  fpitting  of 
Blood. 
J  When  therefore  there  has  been  Occafion  to  continue  long  under 

J  Water,  fome   have  contrived   double  flcKible  Pipes  to  circulate  Air 

down  into  a  Cavity  cnch^g  the  Diver,  as  wkh  Armour,  to  bear 
J  off  this  Prcfiiire  of  the  Water,  and  to  give  leave  to  his  Breaft  to' di- 

late upon  Inspiration :  The  fre(h  Air  being  forc'd  down  by  one  of  the 
Pipes  with  Bellows,  or  otherwife,  and  pensrning  by  the  orfief  of 
them,  not  unlike  to  an  Artery  and  Vein.  This  As  mdeed  been  found 
fuAcient  fer  fmall  Depths^  not  exceeding  twelve  or  fifteen  Foot !  But 
when  the  Depth  JfurpaiScs  thrfce  Fathoms,  Experience  teaches  us,  that 
this  Method  becomes  imprafticaMe :  FOr  chough  the  Pipes  and  the 
;  reft  of  the  jlpparains  may  be  contrivM  to  perform  their  Office  duly, 

'  yet  the  Water  (its  Weight  being  now  heoome  oonliderable)   does  I'o 

^l  clofely  embrace  the  Limbs  tJiat  are  bore,  or  covered  with  a  flexible 

I  Covering,  that  it  obftrufts  the  Circulation  of  the  Blood  in  them  -,  and 

'  prefles  with    fo  much  Force  on    all  the  Jun^S^ires,    where  the  Ar- 

mour is  made  tight  with  Leather,  Skins,  or  fuch   like,  that  if  there 
I  be  the  leaft  Defeft  in  any  of  them,    the  whole  Engine  will  inftantly 

^  fill  with  WaCM",  which  will  ruft  in  with  fo  much  Violence,  as  to  en 

^:  danger  the  Life  of  the  Man  below,  who  may  be  drown'd  before  he  can 

'^  be  drawn  up.    Upon  both  thcfe  Accounts,  the  Danger  encreafcs  with 

I-  the  Depth.    Bdkles,  a  Man  thus  fhut  up  in  a  weighty  Cafe,  as  this 

^  muft  needs  be,  cannot  but  be  very  unwieldy  and  unaftnre,  and  thcre- 

^  fore  unfit  to  execute  what  he  is  defignM  to  do  at  the  Bottom. 

To  remedy  thefe  Inconveniences,  the  Dvurng-Bett  was  next 
i^  titought  of ;  wherein  the  Dwer  is  fafely  conveyed  into  any  reafon- 
:^  able  Depth,  and  may  ftay  more  or  lefs  Time  under  Water,  according 
*  as  the  B^  is  of  greater  or  lefler  Capacity.  This  is  moft  conveniently 
^  made  in  the  Fomi  of  a  Truncate  Cone,  the  fmaHer  Bafre  be- 
4  ing  cloied,  and  the  larger  open ;  and  ought  to  be  fo  poized  with  Lead^ 
fl  and  fo  fiifpended,  that  the  Vcflfel  may  fink  full  of  Air,  with  it$ 
:0  greater  or  open  Bafis  downwards,  and  as  near  as  may  be  in  a  Situar 
j^  tion  parallel  t»  tJie  Horizon,*  fo  as  to  clofe  with  the  Surface  of  d^ 
;?  Wiaterall  at  tMicei  •  Under  this  Couverde  the  Diver  fctting,  finks 
4  <)own  together  with  the  included  Air-,  and  if  the  Cavity  of  die 
.1  Veffel  may  contain  a  Tun  of  Water,  a  fingle  Man  may  remain 
J.  Vol.  IV.  Part  11.  4  Q^  ther^tin 
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thcBein  at  Icaft  an  Hour,  without  miicli  loconvenienoe,  at  five  or 
fix  Fathoms  deep.  .  But  this  included  Air,  as  it  descends  lower, 
does  contraA  itfelf  according  to  the  Weight  of  the  Wat^r  that 
comprefles,  it ;  fo  that  at  thirty  three  Feet  deep  or  thereatxxits,  the 
Bell  will  be  half  full  of  Water,  the  Preifure  of  it  being  then  equal  to 
that  of  the  whole  Attnofphere  *  And  at  all  other  Depths,  the  Space 
'  occupied  by  the  comprefs'd  Air  in  the  upper  Part  of  the  Bell,  will 
be  to  the  under  Part  of  its  Capacity  fili'd  with  Wat^,  as  thirty 
three  Feet  to  the  Depth  of  the  Surface  of  the  Water  in  the  Bell 
below  the  common  Surface  thereof.  And  this  condensM  Air,  be- 
ing uken  in  with  the  Breath,  foon  infinuates  itfi^f  into  all  the  Ca- 
vities of  the  Body,  and  has  no  fenfible  EflFeft,  if  the  Bell  be  permit- 
ted to  defcend  fo  flow  as  to  allow  Time  for  that  Purpofe.  The 
only  Inconvenience  is  found  in  the  Ears,  within  which  there  are 
Cavities  opening  only  outwards,  and  that  by  Pores  fo  fmall  as  not  to 
give  Admiffion  even  to  the  Air  itfelf,  unlels  they  be  dihttd  and 
diftended  by  a  co4lderable  Force.  Hence  on  the  firft  Defoent  of 
the  Bell,  a  Preflure  begins  to  be  felt  on  each  Ear,  which  by  De- 
grees grows  painful,  like  as  if  a  Quill  were  forcibly  thruft  into  the 
Hole  of  the  Ear  ^  till  at  length  the  Force  overcoming  the  Obftacle, 
that  which  conftringes  thefe  Pores  yields  to  the  Prefliire,  and  letting 
fome  condens'd  Air  flip  in,  prefent  Eafeenfues.  But  the  Bell  defcend- 
ing  ilill  lower,  the  Pain  is  renew'd,  and  again  eas'd  after  the  fame 
Manner.  But  when  the  Engine  is  drawn  up  again,  the  condens'd  Air 
finds  a  much  eafier  Paflage  out  of  thofe  Cavities,  and  even  without 
Pain.  This  Force  on  the  auditory  PaflSiges  might  be  fufpeded  to 
ht  prejudicial  to  the  Organs  of  Hearing,  but  that  Experience  teaches 
otherwife.  But  what  is  more  inconvenient  in  this  Engine,  is,  the 
Water  entering  into  it,  fo  as  to  contraft  die  Bulk  of  Air  (according 
to  the  aforefaid  Rule)  into  fo  fmall  a  Space,  as  that  it  foon  heats  aad 
becomes  unfit  for  Refpiration,  for  which  Reafon  it  mufl:  be  often 
drawn  up  to  recruit  it:  And  befides  the  Diver  being  aln^oft  covered 
with  the  Water  thus  entering  into  his  Receptacle,  will  not  be  long  able 
to  endure  the  Cold  thereof. 

To  obviate  thefe  Difficulties  which  attend  the  Ufe  of  the  conomant 
Diving.  Bell,  I  have  thought  of  Means  to  convey  Air  down  to  it,  whilft 
below ;  whereby  not  only  the  Air  included  therein,  would  be  refitfli'd. 
and  recruited,  but  alfo  the  Water  wholly  driven  out,  in  whatever 
Depth  it  is  -,  and  will  furnifli  Air  at  the  Bottom  of  the  Sea  in  any  Q^ant- 
tity  defir'd.     The  Defcription  of  my  Apparatus  take  as  follows:. 

The  Bell  I  made  ufe  of  was  of  Wood,  containing  about  fisy. 
Cubick  Feet  in  its  Concavity,  and  was  of  the  Form  of  a.  Truncate 
Cone,  whofe  Diamdier  at  Top  was  three  Feet^  and  at  Bottom  &n^ 
This  I  coated  with  Lead  fo  heavy,  that  it  would  fink  empty,,  and 
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I  diftributed  the  Weight  fo  about  its  Bottom,  that  it  would  go  down 
in  a  perpendicular  Situation,  and  no  other.  In  the  Top,  I  fix'd  a 
ftrong,  but  clear  Glafs,  to  let  in  the  Light  from  above  \  and  likewife 
a  Cock  to  let  out  the  hot  Air  that  had  been  breath'd ;  and  below,  about 
a  Yard  under  the  Bell,  I  plac'd  a  Siage  which  hung  by  three  Ropes, 
each  of  which  was  cliarg'd  with  about  one  hundred  Weight,  to  keep 
it  fteady.  This  Machine,  I  fufpended  from  the  Maft  of  a  Ship,  by  a 
Spritty  which  was  fufficiently  fecur'd  by  Stays  to  the  Maft-head,  and 
was  direded  by  Braces  to  carry  it  over  board  clear  of  the  Ship-fide,  and 
to  bring  it  again  within  board. 

To  iupply  Air  to  this  Bell  when  under  Water,  I  caufed  a  couple  of 
Barrels,  of  about  36  Gallons  each,  to  be  cas'd  with  Lead,  fo  as  to  fink 
empty,  each  having  a  Bung- hole  in  its  lowefi:  Partj  to.  let  in  the  Water, 
as  the  Air  in  them  condensed  on  their  Defcent ;  and  to  let  it  out  again, 
when  they  were  drawn  up  ftiU  from  below.  And  ta  a  Hole  in  the  up- 
permoft  Part  of  thefe  Barrels,  I  fix'd  a  Leathern  Trunk  or  Hofe,  Well 
liquorM  With  Bees- Wax  and  Oil,  and  long  enough  to  fall  below  the 
Bung-hole,  being  kept  down  by  a  Weight  appended ;  fo  that  the  Air 
in  the  upper  Part  of  the  Barrels  could  not  efcape,  unlefs  the  lower 
Ends  of  thefe  Hofe  were  firft  lifted  up. 

I  fitted  thefe  Air-Barrels  with  Tackle  proper  to  make  them  rife 
and  fall  alternately,  after  the  Manner  of  two  Buckets  in  a  Well; 
which  was  done  with  fo  much  Eafe,  that  tw^  Men,  with  lefs  than 
half  their  Strength,  could  perform  all  the  Labour;  and  in  their 
Defcent  they  were  direfted  by  Lines  faften'd  to  the  under  Edge  of 
the  Bell,  which  pafs'd  through  Rings  plac'd  on  both  Sides  the 
Leathern  Hofe  in  each  Barrel ;  fo  that  Aiding  down  by  thofe  Lines, 
they  came  readily  to  the  Hand  of  a  Man,  who  flood  on  the  Stage  x 
on  purpofe  to  receive  them,  and  to  take  up  the  Ends  of  the  Hofe 
into  the  Bell.  Through  thefe  Hofe,  as  foon  as  thefe  Ends  came 
above  the  Surface  of  the  Water  in.  the  Barrels,  all  the  Air  that  was 
included  in  the  upper  Parts  of  them,  was  blown  with  great  Force 
into  the  Bell,  wWlft  the  Water  entered  at  the  Bung-holqs  below,  and 
fiird  them :  And  as  foon  as  the  Air  of  one  Barrel  had  been  thus 
received,  upon  a  Signal  given,  that  was  drawn  up,  and  at  the  fame 
Time  the  other  defcended ;  and  by  an  alternate  Succeffion  furnifh'd 
Air  fo  quick,  and  in  fuch  Plenty,  that  I  my  felf  have  been  one  of 
five,  who  have  been  together  at  the  Bottom,  in  nine  or  ten  Fathoms 
Water,  for  about  an  Hour  and  half  at  a  Time,  without  any  Sort  of 
ill  Confequence:  And  I  might  have  continued  there  as  long  as  I 
pleased,  for  any  Thing  that  appear'd  to  the  contrary.  Befides  the 
whole  Cavity  of  the  Bell  was  kept  entirely  free  from  Water,  fo 
that  I  fat  on  a  Bench,  which  was  diametrically  pkc'd  near  the 
Bottom^  with  all  my  Cloaths  on.    I  only  obferv'd,  that  it  was  ne- 

4  0^2  cef&ry 
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cdEtfy  ID  be  let  down  gradually  at  firft,  isabouc  laFactata  Time; 
^d  then  to  ftop  and  drive  out  the  Water  that  cnacr'di  fa]^  leceivtng 
three  or  four  Qanrels  of  frjeih.  Air,  heforc  I  descended  fiutfaer.  But 
being  arrived  at  the  Didptb  deiign'd,  I  theo  kt  out  a&  much  of  the 
hot  Air  thai  had  been  bceath'd,  as  eadi  Barrd  ispouid  ftplceaflk 
with  cool,  by  means  of  the  Cock  at  tha  Top  of  the  Bell  \  tiu-ough 
whofe  Aperture,  though  very  fmall,  the  Air  would  rulh  with  ib  peat 
Violence,  as  to  make  the  Surfaxre  of  the  Scor  boiU  and  to  cover  it 
with  a  white  Foam,  notwithftanding  the  great  Weig)it  of  Water  over 
us. 

Thus  I  found  I  could  do  any  Thing  that  was  required  to  be  done 
juft  under  us  \  and  that,  by  taking  off  the  Stage,  I  could,  for  a  Space 
as  wide  as  the  Circuit  of  the  Bell,  lay  the  Bottom  of  the  Sea  fo  far  dry» 
as  not  to.  be  over  Shoes  thereon.  And  by  the  Glafs  Window  fb 
much  Light  was.  tranfmittqd,  that,  when  the  Sea  was  dear,  and 
efpecially  wHsn  th^  Sun  (hone,  I  could  fee  perfioSUy  well  to  write  or 
riead,  much  more-  to  take  up  any  l^hing  that  was  under  us :  And  by 
the  Return  oi  the  AirrBarrels,  I  often  fenit  up  Orders,  written  with 
an  Iron  Pen  on  fmall  Plates  of  Lead^  directing  how  to  move  us 
from  Place  to  Place.  At  other  Times,  when  the  Water  was  troubled 
and  thick,  it  would  be  as  dark  as  Night  below ;  but  in  (bch  a  Cafe,  I 
have  beea  aJUe  to  keep  a  Candle  burning  in  the  Bell  as  long  as  I  pleased, 
notwithftanding  the  great  Expence  of  Air  requifite  to  maintain 
Flame. 

I  take  this  Invention  to  be  applicable  to  various  Ufes ;  fuch  as 
Fiftnng  for  P^rh  Hiving  for  CortUj  Spw^es^  and  the  like,  in  far  greater 
Depths  than  has  hitherto  been  thouglit  poffible:  Alfo  for  the  fitting 
and  plaining  of  the  Foufldatioos  of  Mdes,  Bridges,  ^c.  upoft  rocky 
Bottoms  \  and  for  the  cleaning  and  fcrubbing  of  Ships  Bottoois  wJicn 
foul,  in.  calm  Weather  at  &a., 

By  an  additional  Contrivansce^,  I  hflfve  found  it.net  impra&icable  for  a 
Diver  to  gjJt  ouc  o^thisiEngine/taa  good  DiAance  from  it,  the  Air  be- 
iog  conveyed  to:him  with  a  contimi'd  Stream^  by  fnjall  flexible  Pipes  j 
which  Pipes  may  ferve.  as,  a;  Clue  t9  dinedt  him.  back  again,,  when  he 
would  return  to  the  Bdk 

Of  en  Erup-       m.  I  have  lately  enquic'd  of  a  Neighbour  concerning  the  eztraor- 
^^^3°/y^4;   dinary  Eruption  of  Watery  at  Ctavm,  which  the  Vicar  of  KUhkk 
ihirc,  hy  Mr.  fcnt  (f)  an  Account  of  to  the,  Rcfol  Society :  I  am  not  only  fully 
R.  Thorefby.  fatisfied  of  the  Truth,  of  what  Mc.  Pollard  fays,   but  al&^  that,   as 
n.  306.  p.      he  conjectures,  agisat^rtoftheLand  is  not  to  this  Day  necover'd 
f+)V/^. Supra  ^^^^  ^^^  ^'^^  ^^  Stones,  though  a  .great  Number  of  People  were  cm^. 
V.  II.  C.  II.  ploy'd  about  it.    Upon.the  openif^  ofthcRjKky  at  the  Foot  of  which* 
6. XXXIV.    the  Town  of  Siariotbam  ftands,  the.  Water  guA'd  out  in  fo  yaft  a* 
Quantity,   as  if  it  would  have  fwept  away  the  whole  Town.    The 

Waters 


Wa&m  came  roUu%  impctuoufly  dowot^moft  ac  once ;  f<!vehd  HoOies : 
were  utterly  ruin'd,  and  others  wrcckM  up  to  the  Chamber  Win- 
dows \  oiie»  particularly,  was  fo  covered,  that  a  great  Piece  of  the  Rock 
was  kft  upon  the  Top  of  the  Chimney.    My  Neighbour  was  an  Eye*  ' 
witnefs  of  this  fad  Accidental  and  has-fpent  much  Time  in  clearing  fome 
Part  of  his  Land. 

IV,  On  OSohtur  the  7A&,  1706,  after  a  very  rainy  Day,  and  fouth-  0/Inwida- 
erly  Wind,  there  happened  a  prodigious  Flood  in  the  North  of  Ire-  \^ll  'I  ]j^^ 
kmd  (the  like  not  in  the  Memory  of  Man)  which  broke  down  fevcral  Neve.  n.  320^ 
Bridges,  and  the  Sides  of  fome  of  the  Mountains.    It  came  running  p.  309, 
down   in  vaft  Torrents  from  the  Mountains,  and  drown'd    abun- 
dance of  black  Cattle  and  Sheep,  fpoil'd  a  great  deal  of  Corn  and  Hay 

in  the  Stacks  ;  it  laid  abundance  of  Houib  two  or  three  Feet  deep 
in  Water,  and  broke  down  feveral  of  the  Forges  and  Mill- 
Dams. 

On  Juhf  ^dy  1707,  there  happen*d  another  FUod^  which  came  fo 
fuddenly  from  the  Mountains,  as  if  there  had  been  fome  fudden 
Eruption  of  the  Waters.  And  on  the  26ib  of  the  fame  Month, 
in  the  County  of  Antrimy  there  happened  a  very  fudden  and  furpri- 
zing  Fhody  which  raised  the  Six-MHe-River  at  that  Rate,  that  it  broke 
down  two  ftrong  Stone  Bridges,  and  three  Houfes,  and  carried  away 
600  Pieces  of  LInnen  Cloath  chat  lay  bleaching,  fiU'd  feveral  Houfes 
feveral  Feet  deep  with  Water,  tore  down  fome  large  Rocks  in  its 
Pafiage,  and  left  feveral  Meadows  cover'd  a  Foot  or  two  deep  with 
Sand.  In  the  South-Eaft  Part  of  the  County  of  Derryy  they  had  that 
Day  but  little  Rain,  with  fome  Thpnder  ;  but  beyond  the  Moun- 
tains, in  the  North- Weft  Part  of  the  County,  the  River  Roe  had  a  great 
FWod. 

V.  There  is   no  petrifying  Quality   in  the  Water  of   the  Lake  Jf £^2?^ 
Lcugh'Neatby  as  fome  believe-,  I  have  liv'd  14  Years  at  DmgamoHy  Lough- 
wkhin  five  Miles  of  it,  and  have  been  often  there  about  the  Skirts  Neagh  in 
for  many   Miles,   and  in  a  Boat   upon,  it   feveral  Times  ;    I    have  ^'^f^^f'Jy 
viewed  it  often  when  the  Waters  have  been  very  low,  and  a  ^^^^'^lli^^n^l^ 
Strand  left  in  fevcral  Places :  And  many  Trees  lay  in  the  Verge  of  p|  260.   ' 
the  LoHgb  (of  which,  I  believe,  fome  might  have  lain  there  fome 
hundreds  of  Years)  which  had  been  over-torn'd  by  the  Lsugk'^  en* 
croaching  on  the  Land,  where  great  Woods  had  grown  ;  and  ma- 
ny Roots  of  great  Trees  were  Handing  in  their  proper  Places^  where 

the  Water  had  prevaird  on  the  Land ;  and  I  perceiv'd  no  Alteration 
iathe  Wood  at  all,  but  it  Was  firm,  found  Wood,  without  any  Petri- 
faftion, 

Mr.  Bnmnkw  told  m%  that  he. had  drove  feveral  Holly  Stakes  into 

the 
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the  Gfotind  within  the  Verge  of  die  L^ugh^  and  thtt  Cnne  of  them 
tinu'd  there  many  Years,  but  that  he  found  no  Altenttion. 

There,  has  indeed  been  great  Quantities  of  Aich  ibit  of  Skooc, 
like  to  Wood,  found  upon  the  Sdand  after  great  Floods  and  Storms 
of  Windt  which  have  put  the  Lough  into  a  Ferment  i  the  Waves 
breaking  down  the  Banks,  encroaching  on  the  Land,  and  tombiiBg 
over  Trees,  by  which  Encroachment  this  Sort  of  Stones  are  dila>- 
vcr'd  :  And  if  ever  they  were  Wood,  they  were  petrifyd  by  the 
Earth,  and  not  by  the  Water ;  of  which  kind  I  have  feen  feveral  Pieces 
Ug  and  little,  fome  like  O^,  fome  A(h,  and  fome  like  Hdly, 
with  Bark,  Grain,  and  Knots,  like  Wood ;  ib  that  any  by  the  Eye 
would  judge  it  Wood,  till  they  come  to  try  it  I  had  a  Ptece  about 
fixteen  Inches  long,  that  looked  as  if  it  had  been  a  great  Chip  cut  out 
of  the  Skie  of  an  Oak  Block,  with  the  Bark  on  it ;  and  in  cutting 
fuch  large  Chips,  there  happens  generally  fuch  Shakes  and  Flaws,  fo 
that  there  will  be  a  Sepanudon  of  Parts  at  one  End,  and  they  remain 
firm  at  the  other,  as  it  was  in  this.  I  could  have  raised  feveral  of 
fuch  Splinters,  crf'this  large  Chip,  ibme  bigger,  and  fome  \A%\  and 
when  lb  rais'd,  they  would  have  flapp'd  down  as  though  they  were 
a  Spring.  Some  of  tbofe  Stones  would  appear  at  one  Etiri  as  if  rotten, 
and  decay'd  Wood  (  but  trying  it,  it  was  as  much  Stone,  as  any  other 
Part. 

The  Lake  is  reputed  to  be  twenty  four  Miles  long,  and  twelve 
Miles  broad,  and  Navigable  from  CbarlmouHt  to  PertUnaney  which  is 
about  thirty  five  Miles.  It  does  not  abound  with  many  Sorts  of 
Filh ;  but,  thofe  that  are,  are  very  good  ;  fuch  as  Salmon^  Troi^ 
Fifi  PoUans.  pjfc^^  Breamc,  Roach,  Eels,  and  P(tttam^  widi  which  laft,  it  does 
alx)und.  The  Englijb  call  them  Frefthwaier  Herrings.  They  catch 
them  in  the  Summer  with  Sieves,  as  they  do  Herrings.  They  are 
much  in  Shape  and  Bignefs  like  to  the  largd[t  Smelts,  full  of  very  laige 
bright  Scales,  and  pleafant  Meat,  being  eat  frelh.  Thefe  were  fup- 
pos'd  to  be  a  Fifh  peculiar  to  that  Lake ;  but  fmce  I  came  here,  I  find 
Lough  Eame  has  the  fame  Sort,  but  not  in  fo  great  a  Plenty.  Thn 
are  generally  caught  here  in  their  Eel-Nets,  running  to  the  Sea ;  fo 
that  I  am  of  Opinion,  that  they  are  that  Sort  of  Filh  that  is  caught  in 
the  Sea,  or  between  the  frefli  and  ialt  Water,  calPd  ShaJs ;  and  that 
the  large  ones  come  from  the  Sea,  as*  the  Salmon  doth,  and  leave  their 
Spawn  in  the  Lmgh  %  which,  when  they  grow  to  be  big,  go  to  the 
Sea,  and  there  come  to  their  full  Growth :  And  that  which  confirms 
me  in  my  Opinion,  is,  that  at  the  Salmon  Fifliing  at  Coleraime^  they 
catch  many  of  the  large  ones  going  up  to  the  Lough.  There  is  ooc 
fort  of  Trout  in  Lougb-Neagh  very  large  :  I  have  fcen  one  weigh  30 
Pound  weight ;  and  the  lai^ft  Salmon  that  I  ever  faw,  weighed  not 
more  than  35.    This  fort  of  Trout  the  Irifi  call  a  Budagb. 

That 
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That  there  is  feme  healing  Quality  in  the  Water  of  this  Lcugh  is 
certain;  but  whether  diffused  through  all  Parts  thereof  is  not  known, 
nor  pretended.  The  Fijbing  Baj^  which  is  about  half  a  Mile  broad, 
hath  a  fine  Tandy  Bottom,  where  any  one  may  walk  with  Safety  and 
£afe  from  the  Depth  of  his  Ankle  to  his  Chin,  upon  an  eafy  Decli- 
vity, at  leaft  three  hundred  Yards  before  a  Man  ihall  come  to  that 
Depth.  Others,  as  well  as  myfelf,  have  obferv'd  that  the  Bottom  has 
chang'd  from  Cold  to  Warm,  and  from  Warm  to  Cold,  and  this  in 
di&ient  Spots  through  the  Bay. 

The  firft  Occafion  of  taking  Notice  of  this  Bay  for  Cure,  was 
in  the  Rdgn  of  King  Chiorles  the  Second :  There  was  one  Mr.  Cm- 
ningbamy  who  had  an  only  Son  grown  to  Man's  Eftate.  This  young 
Maui  had  the  Evil  to  that  Degree,  that  it  run  upon  him  in  eight  or 
teft  Places :  He  had  been  touch'd  by  the  King,  and  all  Means  ima- 
ginable had  been  usM  for  his  Recovery;  but  all  did  no  good,  and 
his  Body  wab  fo  wafted,  that  he  could  not  walk.  When  all  Hopes 
of  his  Recovery  were  pafs'd,  he  was  carried  to  the  Lougb^  where  he 
was  wafb^d  and  bath'd  %  and  in  eight  l>ays  Time,  bathing  each  Day,, 
all  the  Socea  were  dry^d  up^  and  he  was  cur'd,  and  grew  very  healthy,, 
married,  begtit  Children,  and  liv'd  nine  or  ten  Years  after.  This. 
Account  I  had  from  Capt.  MurriSy  and  his  Brother,,  who  were  Ey«- 
WitneiTes.  After  fo  remarkable  a  Cure,  many  came,  there,  who  had 
runnii^  Sorts  upon  them,  and  wei£  curM  after  a  little  Time.  The 
Natives  thought  it  could  not  do  welly,  but.  upon  fome  particular  Time 
appropriated  for  that  Sei^ce ;  and  now  great  Crowds  come  there 
on  Mdfummer^Evey  of  all  forts  of  Sick  \  and  fick  Cattle  are  brought 
there  likewife,.  and  driven  into  the  Water  for  their  Cure  5  and  Peopjte 
do  believe  they  receive  BenefiL.  I  know  it  dries  up  running  Softs,, 
and  cures  the  Rheumatifm,  but  not  with  once  bathing,,  as  People- 
now  ufc  it ;.  and  the  drinking  the  Water,.  I  am  told,  will  flop. the 
Flux.    I  look,  upon  it  to  be  one  of  the  pleaCuiteft  Bathing. Places. I 

eves  &W4 

VL  About  Junt  171 1,  at:  Brofdy  neap  fFenbet  mSbropJkire  (about  Oftbt  Fmp* 
two  Nights  after  a  remarkable  Day  of  Thunder)  there  was  heard  a  ter-  ^^  ff  « 
riblc  Noife  in  the  Nighty  which  awaken'd  fevcral  People  5  who,rifing  s"riJi*"V 
to  fee  what  it  was,  came  at  laft  to.  a  Boggy  Place  under  a  little  Hill,  sEropftiire,. 
aibout  aoo  Yards  off  the  River  Seaem  \.  where  they  pcrceivM  a  mighty  h  -M^.  R.* 
Rumbling  and  Shaking  in  the  Earth,  and  a  little  boiling  up^of  Water  Hopton;  n;. 
through  the  Graft  :  They  took  a  Spade,,  and  digging  up  fome  Part  ^34*  E-  475 
of  the  Earth,  immediately  the  Water  flew  up^toa  great  tbight^  and  a. 
Candle,  that  they  had,  fct  it  on  Fire. 

To  prevent  the  Spring  being  deibx>y'd,  there  is  an  Iron  Ciftern< 

plac'd  about  it,  with  a  Cover  upon  it  to  be  lock'd,  and  a  Hole  int 

the  Middle  thaeof ;;  that  any  who  come  may  &e  the  Water  thro'. 

3.  Iff 
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If  you  put  a  lighted  Candle,  or  any  Thing  of  Fire  to  this  flole^  the 
Water  immediately  ukes  Fire,  and  bums  like  Spirit  of  Wine,  and 
continues  to  do  fo  as  long  as  you  can  keep  the  Air  from  it ;  but  bf 
taking  up  the  Cover  of  the  Ciftern  it  quickly  goes  out :  The  Heat  of 
this  Fire  much  exceeds  the  Heat  of  any  Fire  I  ever  faw,  and  feems  to 
have  more  than  ordinary  Fiercenefs  with  it. 

Some  People  out  of  Curiofity,  after  they  have  fet  the  Water  on 
Fire,  have  put  a  Kettle  of  Water  over  the  Qftem,  and  in  it  Xjreen 
Pcale,  or  a  Joint  of  Meat,  and  boil'd  it  much  fooner  than  over 
any  Artificial  Fire  that  can  be  made.  If  any  green  Boug^,  or  any 
Thing  elfe  that  will  bum,  is  put  upon  it,  it  prefently  confumes  them 
,to  Aihe». 

The  Water  of  itfelf  is  as  cold  as  any  Wa&er  I  evor  felt ;  and  what 
is  remarkable,  as  foon  as  ever  ^he  Fire  is  out,  if  you  put  your  Hands 
into  it,  it  feels  as  cold  as  if  there  had  been  no  fiach  Thin^  as  Fire 
near  it.  It  ftill  [  in  Septemiit  ]  continues  boiling  up  with  a  confideiabie 
Noifc. 

O/a  Mineral     VIL  About  twelve  Years  ago  a  Mn^ral  Water  was  aoddentally 

Water  tf/      difcovered  in  Canterbury.    In  digging  the  Ground,   they   fitft  met 

^vDnMovL'  ^^^^  ^  ^^^^  ^^  MoU,  extending  itfctf  thnec  Feet  deep,   and  gradually 

Ims.  n.  312.  changing  into  another  Sort  of  Earth,  very  £it,  and  like  Butter.  This 

f .  2462.        fecond  Lay  was  two  Feet  thick  ;  the  Colgm*  of  it  Yellow,  fomething 

Tnix'd ;  its  Odour  ftrong  and  Mineral ;  «d  a  Piece  of  it  being  for 

ibme  Time  expos'd  to  the  Sun,  fmell'd  much  like  bumtng  Sulphw. 

After  this  they  found  a  Quickfand  of  a  darker  Colour  than  the  firft 

Earth,  mix'd  with  feveral  little  Stones,  and  die  Smell  ftroog^  tfasi 

before.     Two  Feet  further,  under  the  C^ickfand,  a  hard  Rode  a^ 

pear'd,  out  of  which  Waiter  gufli^d  with  fome  Violence.    They  dug 

two  Wells  at  about  feven  Feet  diftance  from  each  odier ;  one  abooe 

eight  or  nine  Feet  from  its  Surface,  and  twelve  from  the  Surface  ^ 

the  Ground  about  it,  and  reacheth  the  Rock :  The  other  is  mot  fe 

deep  by  two  Feet,  and  only  toucheth  the  Sand.    This  laft  is  fomethiog 

ftronger  of  the  Sulj^ur,  but  the  other  is  ftrongier  of  the  Mineral  Spa 

and  ferruginous  Parts. 

Two  Drams  of  the  fecond  Lay  of  Earth,  found  in  diggings  bong 
put  into  four  Ounces  of  Spiiit  of  Vinegar,  there  prefently  arofe 
a  conliderable  EibuUilion  ;  and  fbon  aft^  the  Spirit  was  ting'd 
with  a  yellow  brownilh  Colour,  which  foffer'd  xu)  Alteradon  mtfa 
the  Inftilion  of  Logwood,  nor  with  Galls,  but  wicfa  Oil  of  Tart.  f. 
dsliq.  turn'd  greeqiflh,  and  with  the  Infiifion  of  Ug.  neph,  of  a  pade 
Red. 

The  Water  taken  up  at  the  Spring  is  extraordinary  limpid,  bat 
grows  fomcthmg  whitifh  in  a  quarter  of  an  Hour,  and  in  lialf  aa 
Hour  the  Spirit  is  loft,  and  the  Mineral  haags  fiift  oa  the  Sides  of 

the 


Of  a  Chalybeat  Water  at  Canterbury.  197 

the  Glafs,  and  then  falls  gradually  to  the  Bottom.  It  won't  keep 
quite  fo  well  as  the  Sfaw  or  *Tunbridge  Water.  Its  Taile  is  mafcu- 
line  and  auftere  \  the  Smell  ferruginous  and  ftrong,  fomething  up- 
on the  Sulphur :  People  fay  it  fmells  like  Gun-powder.  It  will 
make  the  Root  of  the  Tongue  of  the  Drinkers  look  blackifh.  Lin- 
nen  wafli'd  in  it  turns  yellow.  It  will  not  lather  with  Soap.  The 
Glafles  the  Water  is  dipped  with  grow  yellow,  which  no  Scowering 
can  take  off,  and  are  apt  to  fly.  In  frofty  and  cold  Weather  iB  is 
fo  warm  as  to  melt  Ice  and  Snow  ;  in  other  Scafons  'tis  cold  i  tho*  not 
fo  cold  as  fome  Spring  Waters  are, 

Thc^  Weight  of  this  Water  varies  much  according  to  the  Seafons 
of  the  Weather.  In  May  1704,  it  weighM  three  Grains  lighter  than 
common  Water  in  the  Quantity  of  a  Pound.  In  the  Spring  of  i7(%» 
it  was  equal  in  Weight  to  common  Water  5  and  is  now  ftill  heavier 
in  Augufi  following,  becaufe  of  the  exceeding  dry  Weather  of 
that  Summer.  But  in  general  about  Mtdfumn^er^  if  the  Weather 
is  no  ways  extraordinary^  'tis  pretty  equal  to  common  Water  in 
Weight, 

A  (angle  Graih  Weight  of  good  Gall  will  turn  a  Pint  and  a  half 
of  this  Water  of  a  very  noble  deep  Red,  and  in  an  Inllant.  Syrup 
of  Violets  turns  it  of  a  Grafs  green.  With  the  Infufiion  of  Brafile^ 
xt  giveth  a  deep  lively  Blue :  With  that  of  Ugn.  nepb.  firil  a  light 
Green,  then  a  light  Yellow,  with  a  blue  Crown :  With  the  Infufion 
of  Logwood,  a  blue  Black :  With  that  of  Fuftick  Wood,  a  dufky 
Yellow  :  With  the  Flowers  of  Pomgranates,  a  fair  Violet:  With 
the  Leaves  of  Tea,  a  fine  purplifh  Blue  :  With  good  Nantz  Brandy, 
an  elegant  Sky-colour.  It  turns  a  Solution  of  the  Saccb.  Saturm 
milky  in  an  Inftant  \  and  the  Solution  of  Sublimati  in  fome  Time  fongen 
01.  Tart,  per  deliq.  Sp.  Sal.  Jrman.  Sp.  Vitr.  &fr.  make  no  fetlfible 
Alteration. 

In  calm  Weather,  in  Winter  efpecially,  a  thick  oily  Film  covers 
the  Surface  of  thefe  Waters,  of  as  great  a  Variety  t)f  Colours  as  a 
Rain-bow ;  a  Spoonful  of  it  drunk,  hath  the  Effeft  of,  and  compofes 
as  much  to  Sleep  as,  a  moderate  Dofe  of  Opium«  Some  of  this  Scum, 
being  dry*d  by  Evaporation,  tailed  very  fat,  and  felt  fo  between 
the  Fingers.  Some  of  this  Powder  being  call  upon  a  red  hoc  Iron, 
moft  of  it  immediately  burn'd  away  with  fparkling ;  and  what  remained 
was  of  the  Colour  of  Ruft  of  Iron,  and  tafted  partly  Stiptic  and  Earthy, 
and  partly  Saltifli. 

The  Water  itfdfi  being  gently  evaporated,  yields  a  yellowifh  Se- 
diment, nK>re  or  lefs,  according  to  the  Seafons.  Laft  Spring  a  Quart 
yielded  fix  Grains  of  it;  but  in  September  following,  the  fame  Quan- 
tity afibrded  me  nine  Grains ;  whereas  a  Pound  of  TunhrUge  Water 
gave  but  one  fingle  Grain  of  Sediment  to  Mr,  Boyk^  as  appears  by 
his  Memotn  cf  Mineral  Waters.    This  Sediment^  being  boil'd  in  com- 
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moil  Water)  made  a  ftrong  lJxMum<,  with  which  Acids  cais'd  no 
icnfible  Fermentation  \  hut  Syrup  of  Violets  cam'd  k  Groen.  TUa 
Uxpvmm  being  evaporated,  yielded  a  fat  Sul[^urous  Sale,  chat  would 
not  coagulate  into  Cryftals.  I  can  get  but  three  or  four  Grains  of  k 
out  of  ten  Grains  of  Sediment ;  but  from  the  C6lour  and  Tafle  of  the 
Lixivium^  I  have  Realbn  to  fufpeA,  that 'there  is  a  larger  Proportioa 
of  Saline  Particles,  which,  as  I  conceive,  being  Vobttile,  evj^>ontte 
away  with  the  Water. 

As  for  its  Medicinal  Virtues,  from  the  nuuiy  and  truly  wonder- 
ful Cures,    I  believe   it  to  be   one  of  the  moft  excelknc  Waters  of 
this  Kind,   as   yet  found  out  in  England.     The  little  Well  is  very 
ufeful  in  Difeafes  of  the  Breaft,  as  in  Afthmas,    Coughs,  Rheums 
and  Catarrhs.    It  hath  cur'd  feveral  given  over  of  Confumptions  of 
the  Lungs.     Moft  Diforders  of  the  Stomach  are  cur*d  by  dm  Water. 
It  feldom  fails  in  the  Cure  of  Rheumatick  Gouty  Pains  of  the  Limbs» 
or  other  Parts  of  the  Body,  in  the  Scurvy  and  Melancholy  Di&cm- 
pers.  Jaundice,  Vapours,    all  forts  of  Stoppages,  Scabs,    Itch,  &r. 
But  in  Gravel,  Cholick,  and  Green-ficknefs,  *tis  a  true  SpeciBck  *,  as 
alfo  in  inward  Ulcers,  if  not  too  bt  gone.    A  Porter  of  Bolttm^  who 
had  been  with  many  Doftors,  and  was  laft  Spring  dilcharg'd  out  of 
St.  Tbomas*%  Hofpitd,  as  an  incurable  Perfon,  hath  been  cur'd  of  his 
Ulcer  in  the  Bladder  this  Summer,  with  drinking  of  this  Water  for 
three  Months  together. 

In  Agues  it  is  beyond  the  Bark:  I  have  feen  fome  Rebellious 
ones,  that  could  not  be  removM  by  the  Bark,  perfedly  cur'd  by  this 
Water,  and  fome  Conftitutions  quite  worn  out  by  the  frequent  Re- 
tapfes  of  this  Diftemper,  reftor'd  again.  This  is  alfo  remarkable,  that 
it  agrees  beft  with  old,  decay'd,  and  weak  Conftitutions.  The  Water 
fits  ploifantly  upon  the  Sfiomach,  works  off  by  Urine  very  brifkly, 
caufeth  a  good  Appetite,  clears  the  Spirits,  and  procures  Sleep.  Ic 
is  not  bbdingy  as  fome  other  Chalybeats  are,  but  keeps  the  Body  open 
to  moft  People,  and  upon  fome  k  brings,  now  and  then  a  gentle  Loofe- 
nefs,  which  carries  o£F  the  Diftemper.  For  tfaefe  four  Years  I  have 
prefcrib'd  them  to  many  Scores  of  People  every  Seafon,  and  I  could 
never  obferve  any  Inconveniency,  or  ill  Symptom  arife  from  the  Drink- 
ing of  them. 

Jn  Eximeii  VHI.  I  have  long  fincc  been  of  Opinion,  that  Pfeople  have  been 
^^^f^  miftaken  in  their  Notions  about  the  Nature  and  Properties  of  tfaofe 
vingtbiutl  Mineral  Waters,  which  are  of  the  Cbafybeat  or  Iron  Species,  dr- 
be  klaSatt^lynkmf^bovqi,^  much  with  thefe  Waters,  and  they  beftow  one  general 
Dr.  F.  sikie.  Name  upon  them,  and  call  them  Sour  BfwnnSy  that  is,  Somr  Wells, 
»-3'37P-247- or  Springs  of  Water.  Henricus  ah  Htm  agrees  with  Vitrmmts^  Fd- 
kfius  and  Hehnont^  in  juftifying  the  Acidity  of  feveral  forts  of  Spim 
and  Cbafybeai  Waters  \   bitt,  not  being  iatisfied  with  tbnr  Seafea, 
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sffigns  others;  and  after  a  tedious  HaranguCt  concludes,  that  thejr  owe 
their  Birth  and  grett  Virtues  to  Vitriol  and  Sulphur.  He  obferves,  that 
Vitriol  and  Sulphur  are  found  in  the  Glebe  or  Earth  from  whence  thefe 
Waters  fpring  •,  but  yet  does  not  give  us  one  Proof  or  Experiment  of 
his  having  found  any  real  Vitriol,  or  true  Sulphur,  or  any  Acidity  in 
thefe  Waters, 

Dr.  Jifriis^  who  praAifed  Phyfick  at  Francfard^  and  often  at  5w4/- 
hoc  in  Summer  Time,  at  my  Defire,  examin'd  thofe  Waters.  He  gave 
me  an  Account  of  fome  Ocres^  or  Ferruginous  Parts,  which  he  calcined 
and  torturM  in  the  Fire,  t6  make  them  confefs  their  Sulphur  Ori^nal  \ 
but  in  all  his  Experiments  did  not  fatisfy  me,  that  the  Water  held  one 
Drop  of  an  Acid  by  Diftillation,  &f. 

That  which  gave  me  the  firft  Sufpicion,  that  the  Chdjhtat  Wators 
did  not  contain  any  rough,  or  vitriolic,  *  or  acid  Salts  in  them,  pro* 
ceeded  from  an  accidental  Ufe  of  a  ftrong  Iron  Water,  in  which  I  dif* 
fohr'd  Soap,  and  found  it  lather  and  wafh  my  Hands  well,  and  then  I 
usM  a  Walhball  and  fhav'd  with  it,  and  try'd  fcveral  other  Waters  of 
this  fort,  which  did  the  fame,  and  much  better  than  fonie  Pump- 
Waters, 

I  confulted  my  Palate,  and  try'd  whether  I  could  difcover  any  Sharp- 
ncfs  or  Acidity  in  eur  Englifii  Steel- Waters  at  Tunbridge^  at  Black-Boy 
in  the  Parifli  of  Franfield  in  Suffe^i^  Hampfted^  Smmng^HiU  in  Birk- 
flnrij  &c.  but  I  was  fo  far  from  difcovering  any  fuch  Thing,  that 
thefe  Waters  feemM  rather  to  leave  a  fweetifli  Flavour  behind :  Thus 
many  Alkali  Saks,  if  nicely  examin'd  (of  the  fix*d  kind)  have  afFe£ted 
my  Tafte. 

I  made  Experiments  with  feveral  iSorts  of  fuch  Spirits  as  are  apt 
to  ferment  ^ith  Acids ;  fuch  as  Spirit  of  Hartjbm^  of  Sal  Armmac^ 
&c.  but  thefe  made  no  Ferment,  nor  any  Motion  or  Change  in  dieie 
Waters. 

I  confider'd  the  Dileafes  in  Human  Bodies,  which  diefe  Waters  were 
prcfcrib'd,  by  Phyficians,  to  cure ;  that  they  were  often  fiich  as  pro- 
ceeded from  iharp,  acid,  or  acrimonious  Caufes,  as  Cardilage^  or 
Heart-burnings,  four  Vomitings,  corrofive  Diarrb^as^  Cholicks,  from 
Scurvies  and  Stranguries ;  and  that  for  thefe  Diflempers  fweetning  and 
alkalifate  Remedies  are  made  ufe  of. 

I  confider  thefe  Waters  as  containing  in  them  the  Properties  of  Iron ; 
and  I  find  by  Experience,  that  it  is  moft  oppofite  to  Acids,-  being  one 
of  their  great  Corre Aors,  and  therefore  rather  to  be  efteem*d  an  Al- 
kali. 

Take  fome  Filings  of  Iron,  perhaps  a  Dram,  and  pour  on  them 
about  an  Ounce  of  the  milder  Acids,  fuch  as  Vinegar,  Verjuice, 
or  the  Juice  of  Lemons,  and  it  will  defbroy  the  Sharpnefs  of  thefe 
Juices:  Or  if  you  pour  on  thefe  Filings  Mineral  Acids,  as  the 
very  corrofive  Spirit  of  Nitre,  or  of  Salt,  or  what  is  caird  Oil  of 
Vitriol,  they  will   immediately  lofe    their    Acidity,   be  difarm'd  of 
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thdr  iharp  PointSt  and  by  Evaporation  give  a  Salt  that  will  cafte 
fweetilh,  and  is  by  Chymifts  call'd  Saccbarum  Mariis^  if  duly  pic* 
par'd  )  which  is  fafely  given  inwardly,  and  is  efteem'd  a  good  altering 
Medicine. 

Steel  beaten  tp  a  fine  Powder,  is,  without  any  farther  Preparatioa, 
given  inwardly  with  great  Succefs  for  Stomachic  Difeafes,  as  in  the 
Green-Sicknefs,  Hypochondriac,  and  various  other  Acid!  and  Acri- 
monious Difaffedions. 

I  confider'd  Milk  to  be  a  very  proper  and  obvious  Subjed  to 
bring  this  Controverfy  to  a  plain  and  unqueftionable  Decifion.  I  made 
this  Experiment  with  all  poflible  Exa&nefs  :  I  firft  prov'd  the  Cbafybut 
Waters,  more  particularly  the  Spaw  Waters,  by  trying  whether  they 
tinged  with  Galls,  Thefe  being  very  good,  I  put  part  of  the  Wa- 
ters to  cold  Milk ;  fome  I  only  made  lukewarm,  and  fome  I  boiJ'd 
together,  in  equal  Proportions  :  But  they  were  fo  far  from  aflfording 
any  Curd  or  Coagulation,  that  they  continued  feveral  Days  witfaouc 
being  four. 

The  German  Phyficians  (on  the  miftaken  Notipn  of  their  being  Acid) 
ftridlly  prohibit  their  Patients  the  Ufe  of  all  manner  of  LaSiciniay  whilft 
they  are  in  a  Courfe  of  thefe  Waters. 

This  Prejudice  too,  has  prevailed  much  amongft  molt  of  our  Water 
Drinkers  in  England  \  but  I  do  atteft,  that  I  have  frequently  advis'd^ 
in  fome  Cafes,  Milk  to  be  given  daily  In  the  Evening,  through  a  whole 
Courfe  of  Steel  Waters,  with  good  Effcft  :  Nay,  I  do  ai&rm,  that 
fome  others  could  not  bear  the  Waters  without  having  a  third  Part  of 
Milk,  or  more,  mix'd  with  them,  and  have  continued  them  fo  for 
many  Weeks,  with  good  Advantage :  Nor  do  I  find  the  leaft  Reafon 
to  prohibit  the  Ufe  of  Milk  in  a  Courfe  of  Bath  Waters  ^  having  beea 
there,  above  a  Year  and  half,  making  the  beft  Scrutiny  I  can  into  the 
Properties^  Virtues,  and  Vices  (if  they  have  any)  of  thofe  Waters. 

Since  our  Experiments  difcover  that  thofe  Things  which  are  of  a 
fweetning  Alkaltfate  Nature,  do  fo  very  well  agree  with  thefe  Mineral 
Waters,  it  will  appear  by  the  following  Experiment,  that  Acids  do 
very  much  diiagree. 

.  I  put  but  one  Drop  of  Oil  of  Vitriol  to  a  large  Glafs  full  of  ftroog 
Spaw  Waters,  which  before  the  Addition  of  this  Acid  did  give  a  deep 
Purple  to  the  Solution  of  Galls ;  but  now  would  not  give  the  Icaft 
Tindure,  though  I  put  in  four  Times  as  much  of  the  Galls.  From 
hence  I  conclude,  that  the  Virtues  of  the  Cbalybeat  Ingredients^  which 
I  uke  to  be  the  Life  and  Soul  of  thefe  Waters,  were  fo  far  bound  up 
or  deftroyM,  as  to  have  loft  their  Cordial  or  corroborating  Faculty  \ 
and  that  the  Bile  or  Gall  in  the  Human  Bowels,  could  not  be  able  ta 
feparate  the  Cbafyieai  (which  are  the  only  Medical)  Particles,  and  mix 
them  with  the  Chyle,  in  order  toanfwer  any  End  in  Phyfic. 

Let 
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Let  this  be  a  Caution  to  thofe  that  defign  to  make  thefe  Waters  pais 
better  by  Urine,  that  they  do  not  make  ufe  of  aay  Acids ;  it  being  a 
common  Praftice  to  ufe  Spirit  of  Vitriol,  Sfhrttus  Nitri  dulcis^  &c.  as 
a  Diuretick :  Unlefs  it  fiiouid  fo  happen  that  they  have  a  Defign  to 
take  off,  and  diveft  them  of  their  warm  Cordial  or  altering  Power, 
and  fo  to  bring  them  near  to  common  Water  \  which,  I  muft  confefs, 
we  are  forc'd  to  do,  efpecialiy  in  the  Ufe  oiBatb  Waters,  in  fome  hot 
inflammatory  Cafes. 

I  ihall  conclude  with  one  fliort  Experiment  in  Favour  of  our 
Jlkalies  \  that  if  you  put  any  jllkak  Salt,  volatile  or  fix*d,  fuch  as 
Volatile  Salt  of  Hartihorn,  or  of  Sd  Armotdac^  or  fixM  Salt  of  Tar^ 
foTj  or  Wormwood,  or  any  other  true  Alkaliy  you  will  then  deftroy  the 
above-nam'd  Acid  Spirit,  recover  the  Virtue  of  the  Waters,  and  dif- 
pofe  them  to  give  their  Tin^re  as  they  ufed  to  do  in  their  natural 
Sute. 

IX.  Having  procured  about  a  Dozen  Quarts  oi  Pyrmont  Waters  cy/*^  Nature 
this  laft  Summer,  I  made  fome  Trials  with  them.     I  found  by  the  and  Virtues 
Taile,    that  they   contained  a  rich  Cbdybeat  Virtue,  and  alfo  madce^'^^V- 
a  very  brifk  and  lively  Impreffion  on  the  Palate,  more  grateful  and  ^%^^'* 
fpirituous,  than  the  beft'  Spaw  Waters  I  ever  tafted.     The  SpawW^-  Uarr  n.  351. 
ters  are  Idok-d  upon  as  mod  excellent,  if  they  fparkle  a  little  in  a  p.  564. 
Glafs ;  but  thefe^  in  Suihmer-time,  when  pour'd  into  the  Glafs,  nay, 
fometimes  even  in  the  Bottle,  ^  foon  as  the  Cork  was  opened,  and 
the  Air  was  admitted,  would  make  a  notable  Ebullition,  fomewhat 
like  bottled  Cyder,  though  this  was  foon  over-,    but  they   did  yet 
continue  their  fmart  and  briik  Tafte,  and  highly  Cbalyheat  Reliih,  to 
the  laft  Drop,  though  we  were  fome  Hours  in  drinking  them  off. 
In  the  Winter-time,  thefe  Waters  do  not  fparkle,  nor  ferment,  at 
leaft  mine  did  not-,    but  they  were  not  carefully  preferv'd,  being 
cxpos'd  in  cold  Cellars ;  and  yet,  notwithftanding,  they  loft  not  the 
Cbalyheat  Tafl;e,  and  alfo  retain'd  a  very  pleafant  briflc  Guft.     Thefe 
Watiers  have  been  reckon*d  in  the  Number  of  the  German  Acidida^ 
and  fome  of  my  Friends,  to  whom  I  gave  a  Glafs  of  the  Water, 
have  afcrib'd  to  it  a  fharp  Tafte,  and  have  been  ready  to  run  away 
with  a  poflefs'd  Opinion  of  its  being  four :    But,  when  I  have  de- 
fir'd  them  to  confider,  they  have  own'd  that  the  fmart  and  brilk 
Tafte  mifled  them  to  call  it  Add  or  truly  four :  Thus  Cyder  and  foA: 
Ale,  when  bottled,  will  give  fuch  an  acute  Afieftion  to  the  Palate, 
when  it  is  far  from  bemg  four :  And  even  VQlatik  AHaJus.  of  Sal  Ar- 
mmac^  or  of  Hart(horn,  may  be  made  to  give  the  like  Pungency  to 
the  Tongue. 

In  order  to  a  more  nice  Enquiry,  whether  aajr  Acidity  were  dif-* 
coverable  in  thefe  Pyrmont  Waters,  we  dropped  in*  confiderable  Quan- 
tities both  of  Spirit  of  Hartfliorn,  and  ot  Spirit  of  Sd  Armoniac^ 

both 
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'bo6i  jiAly  prepared  \  but  could  not  diico^r  the  leaft  Loftation  or 
Motion  to  appear  upon  this  Conjunction,  as  it  ufualty  dees  with  aa 

Acid. 

I  made  a  yet  more  nice  and  certain  Examen  of  thefe  Waters,  by 
mixing  Milk  with  them,  fometimes  in  equal,  fometimesin  double  Pko- 
porrion  \  and  in  various  Degrees  of  Warmth,  both  in  lukewarm  De* 
grees,  and  alfo  with  a  boiling  Heat,  but  I  could  not  perceive  anf 
Curdling.  But  rather,  on  the  contrary,  the  Water  prelerT'd  the  NGlk 
from  Coagulation,  for  four  or  five  Days,  even  in  Siptemier^  k,  being 
hot  Weather, 

Take  a  very  little  Gall  in  Powder,  about  half  a  Grain  to  z  Glafi 
of  a  Quarter  of  a  Pint ;  this  does  in  a  Moment  render  it  turbid, 
and  mdce  a  dark  Purple,  efpecially  if  you  ftir  it :  But  if  you  drop 
the  Powder  on  the  Surface  of  the  fame  Water,  it  thtn  cauies  a  fine 
blue  Tinfhire.  If  you  will  make  a  very  fine  Tindhire  pleaiant  to  the 
Eye,  take  five  Leaves  of  ftrong  Green  Tea,  put  them  into  the  Bot- 
tom of  a  Glafs  holding  a  Quarter  of  a  Pint,  and  you  will  fee  thofe 
Leaves  unfold  themfelves,  and  in  a  Quarter  of  an  Hour,  tinge  the 
Water  with  fuch  a  ceruleous  Azure  Blue,  that  few  Vegetabks  do  a£» 
ford  the  like*  Wc  obferve,  that  the  longer  thele  Leases,  or  any 
other  Stiptics,'  (which  arc  the  Precipitators)  do  ftay  te^gether,  the 
more  they  degenerate  into  a  deep  Purple,  or  even  to  an  Atramentarious 
Cobur. 

In  reference  to  the  internal  Ufe  of  theie  Waters,  I  dr^k  aboat  a 
Quart  at  a  Time,  after  this  Manner :  I  firft  began  with  the  Spaw  Waters, 
which  I  procurM  very  good,  and  drank  them  for  a  Week,  and  dief 
agreed  very  well.  I  then  drank  the  Pyrmtmt  Waters  for  three  or  fiwr 
Days,  and  continued  the  Ufe  of  thefe  Waters  alternately,  until  I  had 
drank  about  twenty  Days.  By  the  Refult  of  my  £3q)eriaient,  it 
feem'd  to  me  very  plain,  that  the  Pjrmcffd  Water  was  more  agreeably 
gave  more  Strength  and  Spirit,  and  was  as  much  or  more  pnefenbk 
for  its  internal  Virtue,  as  for  its  excelling  the  other  in  a  briiker  and 
more  fprighdy  Tafte. 

There  is  another  Excellency  in  thefe  Waters,  which  will  make 
them  more  ufeful  to  us,  than  any  foreign  Cbafyieat  Waters  we  yet 
know,  becaufe  thefe  will  keep  better ;  they  are  not  fo  foon  fpoil'd  by 
any  accidental  Infinuations  of  Air,  as  die  Spaw^  are  fubjeft  to  be.  The 
C^n^A^ii/  Mineral  is  here  throughly  diffelv'd  and  well  united,  and 
mix^d  in  this  Water,  fo  that  it  does  not  esSy  precipitate :  For  whidi 
Reafon,  it  may  alfo  the  better  pafs  the  vafa  laffeoj  and  even  enter  vam 
the  .Ma&  of  Blood  it  felf,  and  work  the  more  cenfiderable  "ESkSts. 
That  this  is  not  ^  bare  Hypothefis,  may  be  prov'd  by  this  Expe* 
riment. 

Having  fliffcrM  the  Spgw  Water  to  be  expofed  in  a  Bottle  wWdi 
WW  half  fi]ll,  and  unftopp'd  twelve  Houra,   I  cxamin'd    it,  and 

found 
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found  it  tsfte  juft  like  comnoti  Water  ;  but  the  PyrmoM  Vfttttn  thlt 
were  apen'd  to  the  Air  after  the  faoie  Manner,  tailed  foong  of  dflk 
Mtneral,  and  gare  dieir  Tin&ure  as  at  firft ;  nayi  they  contintt'd  thai 
for  foil  two  Days^  and  perhaps  might  have  done  fb  longer,  irat  I 
tboogfat  that  Time  fuffic'd. 

Having  had  lately  (bme  Difcourfe  abtntt  a  Purgmg  Quality  cdntsdu'd  Ja  Addititmai 
in  thefe  Waters,  I  am  now  ioquiriog  whether  they  in  Reality  do  con-  -^f^w^w^-  IbM. 
taut  any  puiging  Ingredients  or  Properties. 

I  evaporated  about  a  Quart  of  this  Water  ad  ficcittitmn ;  I  then 
poured  on  the  Rdiqui^  fome  Kiun* Water,  enoi^h  to  diflblve  and  takd 
up  the  Salts,  and  exhal'd  that  Water,  and  had  a  Grain  or  two  of  the 
Salts,  that  tailed  Muriatic^  fuch  as  moft  River  and  Pump  Waters  give. 
It  is  well  known  that  the  Purging  Waters  have  a  very  bitter  Tafte, 
and  by  Dr.  Grew^  that  Sak  was  cdl'd  Sal  Catbankum  amarum^  which 
diilinguxfh'd  it  from  all  other  Species  of  natural  Saks :  lliat  of  the 
Pyrtnotu  Water  above-mei\tioned  has  no  Rdation  to  this^  but  to  the 
Sea  Salt,  not  being  in  the  kail  bitter. 

It  is  alfo  well  known,  that  unlefs^  our  Waters  be  impregnated  with 
I  coofiderable  Quantity  of  this  bitter  Salt,  it  wiB  not  purge  at  all : 
Two  or  three  Grains  iignify  nothing,  nor  have  the  leafl  Cathartic 
Power.  For  Example,  put  two  Drachms  of  the  purging  Salts  to  a 
ii^art  of  common  Water;  and  this  Quantity  will  give  but  a  Stool  or 
:wo  to  one  who  is  naturally  vefy  cafy  to  work  upon.  I  have  esc- 
tfnin'd  fevend  other  Cbafyieat  Waters,  and  fovdd  much  the  Uke  In- 
p'ediente,  and  never  any  that  I  could  fufpeA  to  carry  my  purging 
Properties. 

I  think  we  can  much  better  demonftiate  that  the  Cbafyieal  Waters 
lo  contain  Sdptic  and  Reihingent  Tirtoes,.  becaufe  th«^  oWe  xht\t 
Krth  to  the  Irvn  ASneralj  and  more  paitieularly  1»  the  PyriUSy  "v^tciv 
)r.  Lifter  fuggeils,  (not  without  fome  Reafon)  to  be  the  Parmt  •even 
f  all  Iron  Ores^  as  it  is  doubtlefs  the  Caufe  of  all  Cbalyieat  Waters  : 
Thus  I  have  often  examined  tl«  Solution  of  the  Pyrites  by  the  Rain*^ 
Vater  at  Deptford^  and  at  other  Places,  where  Copperas  is  made, 
nd  fbond  it  a  very  ftrong  CBafyhaf  Water.  It  is  ftom  this  Mme- 
al  we  have  our  ftrong  Stipdc  and  coirfbingelit  ft^icines,  for  exiernd 
ul  internal  IHe ;  we  hove  our  Powders  and  Saks  aiSMlj  or  ViAiol 
f  Marsj  from  hence  $  nay,  even  obftinate  and  iiro^ettrate  lUiWbsai 
ave,  by  a  judicious  life  of  Tmhidge  and  other  Iron  Waters,  received 
Cure. 

But  it  is  aflerted  that  the  Waters  really  do  purge  at  Pyrmonty  where- 
ley  are  drank. 

This  we  do  allow  to  be  true,  that  ^ufihidgeVJzXicx%  do  not  only 
uffe^  but  fometimes  vomit,  when  drank  hailily  and  in  great 
tuantity;  but  our  Pfayficians  have  correfted  this  Irregularity,  and 
e  hear  of  no  fuch  Complsunts,  where  they  obierve  a  juil  nS^men: 

And 
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And  we  do  all  s^ee,  that  thofe  Waters  are,  in  didr  own  Nstore, 
bindings  and  do  oft  require  fome  opening  Medicine.  The  Quandues 
of  Water  drank  at  Pyrmani  are  very  large^  often  two  or  dirce  E^S/k 
Quarts,  Ic  is  no  Wonder  that  their  Weight  forces  them  through  the 
Bowels ;  for  any  common  Water,  drank  haftily,  and  in  fuch  Quaotky, 
will  do  the  fame.  Whereas,  if  you  take  this  Method,  and  will  drink 
Pyrmont^  or  any  other  Cbaljbeai  Waters  leifurcly,  viz.  a  Pint-Gla(s  ia 
an  Hour,  or  rather  two  Half-Pint  Glafles,  you  may  drink  diree  Ym 
in  fo  many  Hours  without  Danger  of  lofing  them  by  Dejedioo.  Boc 
if  any  one  will  be  careful,  and  take  this  Caution  with  him,  be  will 
fcarce  fail  of  Succefs  -,  that  is,  let  him  be  very  quiet  and  ftill,  both  in 
Body  and  Mind ;  the  Jefs  he  ftirs  or  walks,  the  better  he  will  pals  of 
his  Waters  by  Urine. 

I  Ihall  mention  only  one  Obfervation  more,  which  is,  that  none  of 
our  Englifi  Steel  Waters  do  ftrike  fuch  a  Purple  as  the  foreign  celebn- 
ted  Cbafyieal  Waters  do  -,  for  ours  do  give  a  more  turbid  and  dari[ 
Colour,  and,  the  worfe  the  Waters  are,  the  blacker  Sediment  dicy 
make :  Thofe  of  IJlingtm  abound  with  a  coarfe  Oker^  the  Minenl  is 
not  well  diflblv'd,  but  gives  an  atramentarious  Colour  ^  but  the  fjf- 
mont  Waters  excel  all  I  have  happen'd  to  examine,  in  its  bright  dn- 
leous  Luftre. 

N.  B.  Moft  of  the  ExperimMs  aUedfi  by  Dr.  Slare,  in  the  /r^wf 
Bifcourfe^  were  Ukewife  by  bim  fl^ezvn  before  the  Royal  Society,  Feb.  28, 
1 717,  and  it  was  found  that  the  Pyrmont  Waters  gave  a  much  hn^ 
Tincture  with  Galls  and  Tea^  and  bad  a  mucb  more  exalted Chsiyhali^f 
tban  tbe  Spaw ;  and  a  fmall  Quantity  of  eacb  being  kept  for  feme  Ttmii 
Bottles  J  to  compare  tbem^  tbe  Pyrmont  was  found  to  bave  retaitfi  its  Tt- 
tues  mucb  better  tban  tbe  Spaw.  Tbe  Prefident^  and  feveral  of  tbe  JMv* 
bersprefent^  bamng  drunk  a  Glafs  of  itj  found  it  of  a  very  agreeMtU 
UJby  andtofiteaJyontbeStomacb. 

X.  Jccounts  of  Books  Omitted. 

■'  *7^-  P-         I.  Jh^i  Ferdinandi  Comit  MarJSgli  DanubiaUs  Operis  Proirm 

'^^  •  Ad  Regiam  Societatem  Anglicanam.    Folio  1700. 
n.  308.  p.         «•  Dr.  JEAw's  Treatife  of  St  George%  Bath  by  Lmdock^  in  thcl^- 

2346.  fliip  of  Gfats  near  SiU^fi. 
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CHAP.     Ill- 

Mineralogy* 

I.  rr^  H  E  Marble  for  this  Purpofe  ought  to  be  very  fmooth  withr  The  Way  of 

X     out  any  Spot,  and  hard,  that  it  may  better  bear  the  Force  of  Colouring 
the  Fire,  and  therefore  Alabafter  is  by  no  means  proper  for  thefe  Ufes.  Marble,  By 

2.  Fire  is  reguifite  to  open  the  Pores,  but  in  fuch  a  Degree  as  that  ITT  ,^'  ^  • 
it  (hall  not  be  fcorched,  for  then  the  Colours  will  be  deftroyed  ;  neitlier  ^' 
muft  it  be  too  cool,  for  then,  though  it  receives  the  Colours,  yet 
they  will  be  lefs  fixed.  For  Marble  even  when  it  is  cold,  will  im- 
bibe fome  Colours,  as  Saflfron,  and  Stone-blue  for  a  blue  Colour  ;  but 
thefe  Colours  are  eafily  diffipated  by,the  leafl:  Heat  of  the  Fire :  And 
therefore  the  Degree  of  Heat  ought  to  be  fufficient,  gently  to  boil  the 
Liquor  that  is  poured  upon  the  Marble. 

.    3.  The  Menftrua  are  diflferent,  according  to  the  Diverfity  of  the 
Stuff  to  be  diflblved,  a  Lixivc  of  Horfe*s  Urine  made  with  four  Parts 
of  Pot-a(h,    and  one  Part  of  Quick-lime,    {N.  B.  Dog's  Urine  is 
better  than  Horfe's)  Alfo  Spirits  of  Wine,  common  Lixive,  Wine  and  . 
«fome  oleagenous  Bodies  mixed. 

4.  The  Colours  laid  on  with  a  Vehicle  are  thefe.  i.  Stone-blue^  dif^ 
folved  in  Spirit  of  Wine,  or  a  Lixive  of  Quick-lime.  2.  L^ackmus 
in  common  Lixive.  3.  Saffron  or  Sapgreen  difTolved  in  a  Lixive  of 
Urine  and  Quick-lime,  or  in  Spirit  of  Wine.  4.  Vermilion  or  Cochi- 
neal diflblved  as  above.  5.  Dragon's  Blood  diflblved  in  Spirit  of  Wine 
according  to  Art.  6.  Brafil  Wood  diflblved  in  Spirit  of  Wine.  7. 
Alkanet  Root  extrafted  with  the  Oil  of  Turpentine ;  for  it  cannot  be 
diflblved  in  any  other  Mendruum,  neither  in  Spirit  of  Wine,  nor  a 
Lixive.  8.  Sapgreen  the  lefs^  mixed  and  diflTolved  in  Spirit  of  Wine,  or 
a  Lixive  of  Quick-lime  as  before.  There  is  another  kind  of  Dragon's 
Blood,  called  the  Tears  of  it,  which  being  mixed  with  tirine,  produces 
a  beautiful  enough  Colour,  but  it  is  hard  to  be  got.  Thofe  Colours 
that  are  mixed  with  Urine  anfwer  the  befl. 

5.  The  Colours  which  are  rubbed  on  without  any  Vehicle  are  thefe. 
I.  Dragon's  Blood  very  well  purified,  for  a  red  Colour.  2  Gum 
jGutta,  for  a  yellow  Colour.  3.  Green  Wax,  for  a  green  Colour.  4.  ' 
Sulphur,  Pitch,  and  Turpentine,  for  a  brown  Colour ;  it  is  only  re- 
quired that  the  Marble  be  fufficiently  hot,  and  fo  the  earthy  Colours 
are  communicated  to  it  by  rubbing,  which  you  will  find  by  Experience. 

Thefe  Colours  are  either  eafily  or  difficultly  wafhed  out.     The  red 

Colour  may  be  extracted  in  fix  and  twenty  Hours,  with  Oil  of  Tartar 

by  Deliquium,  without  hurting  the  Polifh  of  the  Marble  in  the  leaft  i 

.and  the  brown  with  Aqua  fortis  in  a  Quarter  of  an  Hour,  but  the 

Polifh  will  be  hurt. 
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For  a  Golden  Colour,  take  Sal  Armoniac,  white  Vitriol,  and  Yer- 
digreafe,  and  reduce  them  to  a  very  fine  Powder. 
Of  a  ^arry  II.  I  was  lately  with  Mr.  C$le  in  the  Mountains  in  the  County  of  Fer-' 
^Marble  m  managb  in  Ireland^  where  I  had  difcover'd  a  Marble  Quarry.  ThcCoun* 
j^t^F^Kc-  ^^y  wherein  it  lies,  is  fo  ftrange  for  the  natural  Wonders  in  it,  that  it 
vile.  n.  337-  ^ould  make  a  little  Hiftory  to  defcribc  all  that  is  to  be  fecn :  It  lies  oa 
p.  278,  the  North-fide  of  Calcagb^  in  the  Farilh  of  Kila/ber^  in  the  Couoty  of 

Fermanagh.  There  arc  Marble-Rocks^  whofe  perpendicular  Height  is 
50  or  60  Feet,  difcover'd  by  fubterraneous  Rivers,  which  by  Degrees 
have  wafh*d  away  the  Earth  and  loofe  Stones,  and  difcover^d  thcfc 
mighty  Rocks.  There  arc  many  great  Pits  fallen  in  on  the  Sides  of 
the  great  Mountain  ;  feveral  of  them  in  a  fmall  Compals  of  Ground,  fo 
that  it  is  dangerous  travelling  near  them.  There  arc  many  Caves  farm*d^ 
feme  very  large,  the  Sides  and  Arches  of  Marble,  fome  of  a  Liver-Co- 
lour, varied  in  white  with  nlany  little  jFlgures ;  fome  of  a  light  blue 
varied  with  white  %  but  I  could  find^o  entire  black  and  white  amongft 
them.  '  .  . 

JnAccotmi  of  ^^^'  ^"  *^  ^^^^  oi Aunfi  1708,  Kt^otfieU^  in  die  Parifli  iJiCbefttr 
4i*Cq1Uc^  ^^  5rrw,  about  Three  of  the  Clock  in  the  Morning,  by  the  fuddcn 
blown  up;  fy  Eruption  of  a  violent  Fire,  which  difchar^  itfelf  at  the  Mouths  of 

Commu'  three  Pits,  with  as  great  a  Noife  as  the  firing  of  Cannon,  or  the  Icnideft 

?  Chlriet?'^"  Claps  of  Thunder,  threefcore  and  nine  Pcrfons  were  deftroycd  in  oik 
^jjg"  2^,'-  Irtftant.  Three  of  them,  viz.  two  Men  and  a  Woman^  were  blown 
quite  up  from  the  Bottom  of  the  Shaft,  fifty-feven  Fathom  deep,  into 
the  Air,  at  a  confiderable  Diftance  from  the  Mouth  of  the  Pit :  One  of 
the  Men  with  his  Head  almoi):  off*,  and  the  Woman  with  her  Bowcb 
hanging  about  her  Heels. 

Tht  Engine,  by  which  the  Coals  trere  drawn  up,  and  i$  of  a  great 
Weight,  was  removed  and  caft  afidc  by  the  Force  of  the  Biafi: ;  and 
what  is  more  wonderful,  the  Filh  which  were  in  the  Rivulet^  that  runs 
twenty  Yards  under  the  Level,  and  at  as  great  a  Diftance  from  the 
Mouth  of  one  of  the  Pits,  were  m  great  Numbers  taken  up  dead^  float- 
ing upon  the  Water :  Whether  this  happetiM  by  the  violent  Concoffioft 
of  the  Air,  or  Whether  they  were  choaiced  with  the  Sulphur  (that  o 
be  fure  in  Abundance  difperfed  itfelf  abroad)  I  leave  to  others  to  dc^ 
^ermine ;  only  this  I  obferve^  that  for  fever^  Days  a  very  ftrong  and 
noifome  Stbell  continued  to  come  out  of  the  Pits. 

As  to  the  Caufe  of  it,  it  is  to  be  premifed^  that  Coal  Mi»s  are  i^ 
general  fubjed  to  Stitb  or  Sulphur. 

Siiihy  as  vulgarly  fo  callpd  by  the  PHmen^  I  think  corroptfy,  from 
'Stench  or  Stink„  is  a  want  of  Air,  or  mxhtr  ioch  a  Fottlnefs  in  the 
Air,  that  overcomes  the  Spirits  of  the  Men,  and  fo  fiiSbcates  dinn»  as 
well  as  extinguifiies  the  Candles. 

Sulphur  differs  in  this»  that  as  the  t)ther  fuffers  not  the  Candles  ttt 

burn,  this  makes  them  burn  too  f^  •,  and  the  Flame  by  the  infipulfivc 

.  Quality  of  the  Air^  or  attracted  by  the  Sulphur,  exoends  itfdf  upwards 
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into  a  prodigious  Length,  ;uid  as  a  Match  lighted  for  the  Difchargc  of 
»  Cannoii,  as  fpeedily  fcts  on  Fire  that  Vapour,  equally  deftruftive. 

Now  to  prevent  both  thefe  laconveniencies^  the  Viewer  of  the  Works 
takes  the  bell  Care  he  c^  to  preferve  a  free  Communication  of  Air 
through  all  the  Works  j  that  as  the  Air  goes  down  one  Pit,  it  fhould 
afcend  another  \  but  it  happened  in  this  Colliery,  that  there  was  a  Pit 
which  flood  in  an  Eddy,  where  the  Air  had  not  always  a  free  Paffage, 
-and  which  in  hot  and  fultry  Weather  was  very  much  fubjcft  to  Sul- 
phur :  And  it  being  then  the  Middle  of  Augujl^  and  fome  Danger  ap- 
prehended from  the  Clofenefs  and  Heat  of  the  Seafon,  the  Men  wer* 
withdrawn  from  their  Wo^k  in  t;hat  Pic,  and  turned  into  another ;  but 
^n  Overman,  fome  Days  after  this  Change,  and  upon  fome  Notion  of 
liis  owO)  being  induced^  as  is  fuppofpd,  by  a  freih,  cool,  frofty  Breeze  * 
x)f  Wind,  which  blew  that  Morning^  and  which  always  clears  the 
Works  of  all  Sulphur,  had  gome  too  near  this  Pit^  and  had  met  the 
Sulphur  juH  as  it  was  purging  and  difperfing  it  felf  \  upon  which  the 
Sulphur  injimediately  took  Fire  by  his  Candle,  and  fo  he  proved  the 
Occafioa  of  the  Lo^  of  himfelf  and  fo  many  Men,  and  of  the  greatelt 
JFire  that  evisr  was  kiK>wa  in  thefe  Parts. 

IV,  I.]  The  Eruptions  of  Mount  Vifuvius  happen  fo  frequently,  that  ^n  Account  of 
that  tihey  ai^  almoft  innumerable,  and  there  is  not  a  Month  paffcs,  far 't^^''"^^  y*^ 
.lefs  a  Year,  whca  there  is  not  fome  deftruftive  Commotion  in  it,  fome-  faviw/riyo;' 
.times  greater,  ai^  iometiml^s  lefs.    But  in  1707,  there  happened  sl  by  the  Honour 
.very  great  Eruption  of  it,  in  which  tjhcre  were  many  Things  obferved  ^^/^JValctta. 
-which  have  not  been  ^en  Notice  of  in  any  other  neither  before  nor  lince.  ^'  337-  P-  2*- 

In  tiae  Year  1707,  when  the  Weather  was  very  hot,  in  the  latter  End 
.of  Jtdyy  Mount  f^efuvms^  which  had  ren^ained  quiet  for  a  good  while, 
^  began  to  give  fome  Signs  of  an  appcoaching  Commotion,  for  firft;  there 
were  ifrtemal  Roarings  heard  in  the  Middle  of  the  Mountain ;  but  as 
yet  there  was  no  Appearance  neither  of  S^ioak  nor  Flame.  A&er  thefe 
Sounds  it  b^an  gradually  to  iend  out  Smoak  and  Flame,  which  in  the 
Might  time.efpecialiy  (hone  ov^  all  Campania.  In  the  mean  tiine  at 
.  diffei^t  bitcirv^s,  it  fent  out  fuch  dreadful  Exj^oiions  as  are  haiidly 
to  be  iaaitat^  by  the  largeft  Artillery.  After  this  it  continued  to  throw 
up  Aihes,  as  of  fome  Scuff  that  had  been  powdered,  tofling  thenx  up 
into  the  Air  for  feveral  Days  and  Nights^  and  difperfing  them  over 
the  neighbouring  Country^  according  as  the  Wind  blew,  fometimes 
into  the  Sea,  fometimes  on  the  Stabian  Coail,  ibmetimes  towards  Nola^ 
and  fometimes  towards  Acerra.  Nor  muft  I  negleft  to  mention  the 
great  Showers  of  Stones,  which  deftroyed  every  Thing  where  they  fell,. 
<ven  the  very  Cattle*  Next  there  ruihed  out  from  its  Mouth,  as  at  other 
Times,  a  Torrent  of  Bitumen,  which  they  call  melted  Gravel,  which 
at  firft  had  the  Appearance  of  a  gentle  Stream  of  Fire,  moving  down- 
ward only  with  fuch  a  Celerity,  as  you  may  obferve  in  melted  Pitch, 
or  other  fuch  like  Subftanccs.  This  Matter,  which  I  would  compare 
to  Glafs  made  of  Sand  melted  in  the  hotteft  Furnaces,  in  the  lame  man- 
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ner  as  Glafs,  after  it  had  cooled  by  going  on^  acquired  a  ftony  Hard- 
nefs.     But  it  is  worth  while  to  obferve,  that  the  upper  Surface  of  this 
Matter  when  it  was  cold,  was  formed  into  fmall  fpongy  Stones,  while 
the  lower  refembled  a  folid,  broad,  and  very  hard  Flint,  which  hai 
been  ufcd  of  a  long  time  in  paving  the  Highways  ;  as  if  that  whjch  was 
next  to  the  Air  had  imbibed  fome  of  its  Particles,  while  the    under 
Part,  having  no  Air  mixed  with  it,  formed  a  very  compaA  Ma(s.     But 
amongft  a  great  many  Phsenomena  of  this  boiling  Mountain,  there 
were  two  which  had  not  been  feen  or  known  for  many  Ages:    For  the 
third  or  fourth  Day,  it  began  to  fend  forth  FlaQies  of  Lightning  frona 
its  Orifice,  having  the  fame  Appearance  as  thofe  which  you  fce  dart 
from  the  Heavens,  but  tortuous  and  flow,  and  at  the  fame  Time  were 
heard  Explofions  like  Claps  of  Thunder,  fo  that  at  firft  we  were  afraid 
that  it  really  thundered.     The  Flafhcs  at  firfl  were  fo  thick  and  fre- 
quent, that  we  expefted  it  would  rain,  till  we  underftood  that  they 
came  from  the  Mountain,  and  that  the  dark  Clouds  were  not  owin^ 
to  the  Vapours,  but  to  the  Aflies  flying  fo  thick  about.     On  the  lecond 
of  Auguft^  at  four  in  the  Afternoon,  the  Air  at  Napks  was  fo  fuU  of 
Afties,  that  the  Sun's  Rays  being  excluded,  there  was  univerlal  Dark- 
nefs,  and  to  fuch  a  Degree,  that  we  could  not  know  our  Friends  and 
Acquaintances  in  the  Streets.    No  Night  was  ever  darker  than   that 
Day  ;  for  if  any  one  went  abroad  with  a  Torch,  he  was  obliged  to  re- 
turn again,  which  happened  only  in  the  Time  ofTihu  as  XtpbiUnus  in* 
forms  us.     The  Magiftrates  of  the  City  and  the  Priefts,  ordered  Sup- 
plications to  be  put  up  by  the  People,  and  that  the  Relicks  of  St.  Jd- 
nuarius  the  tutelar  Saint  of  Naples^  fliould  be  carried  in  Proceflion  with 
the  ufual  Ceremony  to  the  Capuan  Gate,  which  is  towards  the  Moun- 
tain.    After  they  had  got  there,  in  the  Midft  of  the  thickeft  Darknefs, 
at  length  about  the  firft  or  fecond  Hour  of  the  Night,  one  or  two  Stars 
began  to  fliine  towards  the  North,  where  perhaps  the  Aflies  did  not  fly 
fo  thick,  and  the  blue  Sky  to  appear,  and  after  that  the  Darknels 
which   had  robbed  us  of  the  Day  gradually  diminiflied.     Then  the 
Aihes  were  driven  oflFfrom  us  towards  the  Sea.    The  next  Day  how- 
ever was  not  quite  clear,  but  the  Air  was  ftill  fomewhat  obfcured  widi 

the  Aflies,  and  retained dubU  difcrimna  Lucis. 

Thus  Vefuvius  laying  wafl^  the  Country  with  Aflies,  exhaufl^  wkii 
throwing  up  melted  Gravel  for  feveral  Days,  fo  that  the  black  Tor- 
rent ifiuing  out  from  it  reached  almoft  to  the  Sea;  at  lafi  after  fifteen 
Days  almoft  became  fettled,  and  the  People  about  Naples  who  had 
fled,  returned  Home.  The  Inhabitants  too  of  the  Town  being  at  laft: 
freed  from  Fear,  and  defirous  to  perpetuate  the  Memory  of  St.  Jmnu- 
rius^  who  aflifts  them  always  in  Straits,  ordered  a  Gold  and  Silver 
Medal  to  be  ftruck,  on  one  Side  of  which  was  the  Head  of  St.  jMuanwSy 
with  this  Infcription,  DIVO  JANUARIO  LIBERATORI  URBIS 
FUNDATORl  QUIETIS  ;  and  on  the  Reverie  was  Vefuvius  quieted, 
and  the  following  Infcription,  POSTQUAM  COLLAPSI  CINE- 
RES  ET  FLAMMA  QUIEVIT,  CIVES  NEAP.  INCOLUMES. 
MDCCVn.  I  2.]  j^l 
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2.]  April  If ^  ^7 ^7 J  with  much  Difficulty  I  reached  the  Top  of^^/Mnan 
Mount  Vefuvius^  in  which  I  faw  a  vaft  Aperture  full  of  Smoak,  which  Vcfoviu*,  ^^i/ 
hinderM  me  from  feeing  its  Depth  and  Figure.    I  heard  within  that  Jl^'f™?^^' 
borrid  Gulph,  certain  odd  Sounds,  which  fccxnM  to  proceed  from  the  jjf^.E.Bcr^e* 
Belly  of  the  Mountain  ;  a  fort  of  Murmuring,  Sighing,  Throbbing,  ley.  n.  354. 
Churning,  Dafhing  (as  it  were)  of  Waves,  and  between  whiles  a  Noife  P-  7®^' 
like  that  of  Thunder  or  Cannon,  which  was  conftantly  attended  with  a 
Clattering,  like  that  of  Tiles  falling  from  the  Tops  of  Houfcs  in  the 
Streets.     Sometimes,  as  the  Wind  chang'd,  the  Smoak  grew  thinner, 
difcovering  a  very  ruddy  Flame,  and  the  Jaws  of  the  Pan  or  Cramer. 
[lreak*d  with  Red,  and  feveral  Shades  of  Yellow.     After  an  Hour's 
Stay,  the  Smoak  being  rnovM  by  the  Wind,  gave  us  ihbrt  and  partial 
Profpefts  of  the  great  Hollow,  in  the  flat  Bottom  of  which,  I  cotild 
Jifcern  two  Furnaces  almbft  contiguous  •,  that  on  the.  Left  feeming  a- 
bout  three  Yards  in  Diameter,  glowM  with  red  Flame,  and  threw  up 
red-hot  Stones  with  a  hidecHis  Noift,  which,  as  they  fell  back,  caufedthe 
before-mention*d  Clattering.     May  8,  in  the  Morning, '  I  afccnded  to 
the  Top  of  Fe/uvius  a  fecond  Time,  and  found  a  different  Face  of  Things, 
The  Smoak  afcending  upright,  gave  a  full  Profpeft  of  the  Crater^  which, 
is  I  could  judge,  is  about  a  Mile  in  Circumference,  and  an  hundred 
Yards  deep.     A  conical  Mount  had  been  formed  fmce  my.laft  Vifit, 
in  the  Middle  of  the  Bottom.     This  Mount,  I  could  fee,  was  made 
Df  the  Stones  thrown  up  and  fallen  back  again  into  the  Crater.    In  this 
new  Hill  remained  the  two  Mouths  or  Furnaces  already  mentioned, 
:hat  on  our  Left-hand  was  in  the  Vertex  of  the  Hill  which  it  had  form'd 
round  it,  and  raged  more  violently  than  before,  throwing  up  every 
ihree  or  four  Minutes,  with  a  dreadful  Bellowing,  a  vaft  Number  of 
red-hot  Stones,  fometimes  in  Appearance  above  a  Thoufand,  and  at  • 
eaft  three  hundred  Feet  higher  than  my  Head,  as  I  flood  upon  the 
Brink.     But  there  being  little  or  no  Wind,  they  fell  back  perpendicu- 
larly into  the  Crater,  increafing  the  conical  Hill.    The  other  Mouth 
:o  the  Right,  was  lower  in  the  Side  of  the  fame  new-fbrmM  Hill.    I 
:ould  difcern  it  to  be  fiU'd  with  red-hot  liquid  Matter,  like  that  in  the 
Furnace  of  a  Glafs-Houfc,  which  raged  and  wrought  as  the  Waves  of 
:he  Sea,  caufing  a  fhort  abrupt  Noife,  like  what  may  be  imagin'd  to 
proceed  from  a  Sea  of  Quickfilver  claihing  among  uneven  Rocks;  This 
Jtuflf  would  fometimes  fpew  over,  and  run  down  the  convex  Side  of 
:he  conical  Hill^  and  appearing  at  firft  red-hot,  it  changed  Colour, 
md  hardened  as  it  cool'd,  fhewing  the  firft  Rudiments  q£  an  Erup- 
ion,  or,  if  I  may  fo  fay,  an  Eruption  in  Miniature.    Had  the  Wind 
iriven  in  our  Faces,  we  had  been  in  no  fmall  Danger  of  ftifling  by  the 
ulphureous  Smoak,    or  being  knocked  on  the  Head  'by  Lumps  of 
nelted  Minerals,  which  we  faw  had  fometimes  fallen  on  the  Brink  of 
he  Crater,  upon  thofe  Shots  from  the  Gulph  at  Bottom.     But  as  the 
iVind  was  favourable,  I  had  an  Opportunity  ta&rvcy  this  odd  Scene 
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fbr  idx)ve  «h  H6ur  and  a  half  t(^^her ;  during  which,  it  was  rttj  ob- 
iervaUe,  that  all  the  Volleys  of  Smoak,  Flame^  and  burning  Stooeii 
came  only  out  of  the  Hole  to  our  Left,  while  xht  liquid  Stuff  in  the 
other  Mouth  wrought  and  overflowed,  as  hath  been  already  dcfcribed. 
Jtpu  5»  after  a  horrid  Noife,   the  Mountain  was  feen  at  Nap^s  to  fpew 
a  little  out  of  the  Crater.    The  fame  continued  the  6tb.    The  7/A,  no* 
thing  was  obfervM  till  within  two  Hours  of  Night  \  when  it  b^n  t 
hideous  bellowing,  which  continued  all  that  Night,  and  the  next  Daj 
till  Noon,  caufing  the  Windows,  and,  as  fome  affirm,  the  very  Houfes 
in  Naples  to  ihake.     From  that  Time  it  fpew'd  vaft  Quantities  of  nK>)- 
'  ten  StuflF  to  the  South,  which  ftream*d  down  the  Side  of  the  Moun- 
tiin,  like  a  great  Pot  boiling  over.     This  Evening  I  returned  from  a 
Voyage  through  j4pulia^  and  was  furprized,  palling  by  the  North-lide 
of  the  Mountain,  to  ice  a  large  Quantity  of  ruddy  Smoak  lie  along  a 
huge  Traft  of  Sky  over  the  River,  of  molten  Stuff,  which  was  ii&f 
out  of  Sight.    The  gtbf  Vefuvius  raged  lefs  violently  ;  that  Night  wt 
faw  from  Naples  a  Colunm  of  Fire  Ihoot  between  whiles  out  of  its 
Summit.     The  lotby  when  we  thought  all  would  have  been  over,  the 
Mountain  grew  very  outra^us  again,  roaring  and  groaning  moft  dread- 
fully.   One  cannot  form  a  juiler  Idea  of  this  Noifc,  in  the  moft  vident 
Pits  of  it,  than  by  imagining  a  mix'd  Sound  made  up  of  the  raging  of 
a  Tempeft,  the  Murmur  of  a  troubled  Sea*  and  the  Roaring  of  Thun- 
der and  Artillery,  confufed  all  together.    It  was  very  terrible  as  we 
heard  it  in  the  further  End  of  Napks^  at  the  Diftance  of  above  twelve 
Mites.    This  moved  my  Curiofity  to  approach  the  Mountain.     Three 
or  four  of  us  got  into  a  Boat,  and  were  fet  afhore  at  Torre  del  GrecOy  a 
Town  fitoatc  at  the  Foot  of  Vefuvius  to  die  South-weft,  whence  wc 
rode  four  or  five  Miles  before  we  came  to  the  burning  River,  whkh 
was  about  Midnight,    The  Roaring  of  the  Volcano  grew  exceeding 
loud  and  horrible  as  we  approachM.     I  obfervcd  a  Mixture  of  Co- 
lours in  the  Cloud  over  the  Crater^  green,  yellow,  red  and  blue}  there 
was  likewife  a  ruddy  difmal  Light  in  the  Air  over  that  Traft  of 
liand  wliere  the  burning  River  flowM;  Alhes  continually  fiiowtrM 
upon  us  all  the  Way  from  the  Sea-Coaft.   All  which  Orcumftanccs,  fci 
off  and  augmented  by  the  Horror  and  Silence  of  the  Night,  made  a 
Scene  the  nroft  uncommon  and  aftontihmg  I  ever  faw  %  which  gitw 
ftill  nK)ne  extraordinary,  as  we  came  nearer  the  Stream.     Imagine  a 
vaft  Torrent  of  liquid  Fire  roUii^  from  the  Top  down  the  Skic  of 
the  Mountain,  and  widi  irreftftible  Fury  bearing  down  and  confaming 
Vines,  Olives,  Fig- trees,  Hcufes  ;  in  a  Word,  every  Thing  that  ftood 
in  its  Way.    This  mighty  Flood  divided  into  different  Channels,  ac- 
cording to  the  Inequalities  of  the  Mountain.    The  largeft  Stream 
feemed  half  a  Mile  broad,  at  leaft,  and  five  Miles  long.     1  walked  Ui 
far  Move  my  Companions,  up  the  Mountain,  along  the  Side  of  the  Ri- 
ver of  Fire^  that  I  was  obliged  to  retire  in  great  H^d^e,  fht  fu'phuit!0i2S 
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Steam  having  furprized  me,  and  almoft  taken  away  my  Breatk    Du-^ 
sing  our  Return,  which  was  about  three  a-Clock  in  the  Morning,  we 
conilantly  heard  the  Murmur  and  Groaning  of  the  Mountain,  which 
betweefK  whiles  would  burfl  out  into  louder  Peals,  throwing  up  huge 
SpoMs  ^  Fire  and  burning  Scones,  which  falling  down  ^in,  refem* 
bled  the  Stats  in  our  Rockets.    Sometimes  I  obferv'd  two,  at  others 
three  diftinft  Columns  of  Flame,  and.  fonietimes  one  vaft  one,  that ' 
fecmed  to  fill  the  whole  Crater.   Thefe  burning  Columns,  and  the  fiery 
Stones  feemed  to  be  Ihot  looo  Feet  perpendicular  above  the  Summit 
of^the  Vdcam.     The  wtb  at  Night  1  obferved  it  from  a  Terrafs  in 
Napks^  to  throw  up  inceflantly  a  vaft  Body  of  Fire,  and  great  Stones  • 
to  a  furprizing  Height.     The  iitb  in  the. Morning,  it  darkened  the 
Sun  with  Alhes  and  Smoak,  caufing  a  fort  of  Eclipfe.    Horrid  Bel- 
lowing!  this  and  the  foregoing  Day  were  heard  at  Naples^  whither  Part ' 
of  che  Afhes  alfo  reached.    At  Night  I  obferved  it  throw  up  Flame^ 
at  on  the  1 1 /i^.    On  the  ipb^  the  Wind  changing,  we  (aw  a  Pillar  of 
black  Smoak  ihot  upright  to  a  prodigious  Height.    At  Night  I  ob- 
ferved the  Mount  to  caft  up  Fire  as  before,  tho*  not  fo  diftinftly  becaufe 
<>f  the  Smoak*    The  14!^,  a  thick  black  Cloud  hid  the  Mountain  from 
Naples.    The  1  stb  in  the  Morning,  the  Court  and  Walls  of  our  Houfe 
in  Naples  were  covered  with  Alhes.    In  the  Evening,  Fiame  appeared 
on  the  Mountain  through  the  Cloud.  The  i6sby  the  Smoak  was  driven 
by  a  Wcfterly  Wind  from  the  Town  to  the  oppofite  Side  of  the  Moun- 
tain. The  lyiby  the  Smoak  appeared  much  diminilhM,  fat  and greafy. 
The  i8/i&i   the  whole  Appearance  ended,   the  Mountain  remaining^ 
perfedly  quiet  without  any  vifible  Smoak  or  Flame.    A  Gentleman, 
whofe  Window  look'd  toward  Vefuvius^  affur^d  me,  that  he  obferv'd 
this  Night  feveral  Flafhes,  as  it  were  of  Lightning,  iflue  out  of  the 
Mouth  of  the  Vdlcano.     I  (hall  not  mention  the  Conjedlures  I  have 
formed  concerning  the  Caufe  of  thefe  Pb^tnomena^  from  what  I  ob&nred 
in  the  Lum  AmfanSi^  the  S^atara^  &fr.  as  well  as  in  Mount  Vefii--  ^ 

wus.  But  this  I  may  fiiy,  that  I  faw  the  fluid  Matter  rife  o^  of  the 
Center  of  the  Bottom  of  the  Crater^  out  of  the  very  Middle  o(  the 
MountSQn,  contrary  to  what  Borelti  imagines,  whofe  Method  of  Ex- 
plaining the  Eruption  of  a  Volcano  by  an  ii^xed  Siphon,  and  the  Rules 
of  Hydroftatics^  is  likewife  inconfiftent  with  the  Torrents  flowing  dowa 
from  the  very  Vertex  of  the  Mountain, 

V.  On  the  ^%tb  of  December  1703,  there  happened  ao  Earthquake  ^  ifr^Mnf  ^ 
in  thefe  Parts.  From  Hstll  I  am  infonn'd^  that  it  was  fck  about  three  «*Eartbqotke 
#r  four  Minutes  after  five  in  the  Evening  $  that  it  hcav*d  up  Chaira^"^' j^^, 
and  Tables,  made  Pcwter-Difhes  and  the  Windows  rittle^  fhook  ^hohsi^J^fiy^  jj^^ 
Houfes,  and  threw  down  Part  of  a  Chimney.  The  Shock  came  and  R.  Thoreftf  .* 
went  fuddenly,  and  was  attended  with  a  Noi£^  like  the  Wind>  though  n.  289.  p. 
there  was  then  a  peifeft  Calm»  ^^^^^ 
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It  was  felt  in  much  the  fame  Manner  at  Beverfy  and  other  Places, 
and  particularly  at  Soutb-Ddtw.  it  was  more  vioienc  nczr  Lincak^ 
where  it  faeav'd  up  the  Chairs ;  and,  as  a  certain  Clei^yroan  informed 
me,  fliook  every  Limb  of  him.  At  SMjf  it  was  felt  pretty  much  ;  as 
alfo  near  Navenhy^  where  the  Noife  which  preceded  it  feemed  to  feme 
Kke  the  Rumbling  of  two  or  three  Coaches  driven  furioufly,  and  im- 
mediately the  Chairs  they  fat  on  were  Ihook  violently,  and  the  very 
Stones  were  feen  to  move. 

O/Trca  VI.  i.]  The  Levels  of  Hatfield-Cbace  in  Torkjbire^  were  the  grcateft 

foun4  under  Chacc  of  rcd  Dccr  that  King  Charles  the  Firft  had  in  all  Ej^Umd ;  con- 
Ground/^  taining  in  all  Limits  above  1 80000  Acres,  about  half  ot  which  W2s 
cLcc,  'hy  yearly  drowned  and  furroundcd  with  an  Ocean  of  Waters.  This  he 
Mr.  Abr.  dc  bargains  with,  and  fells  to  one  Sir  Cornelius  Vermuiden^  a  DuicbmoM^  to 
la  Piymc.  n.  difchace,  drain,  and  reduce  to  Arable  and  Pafture  Land ;  which  to 
275-  P-  980.  xJtit  Surprize  of  all,  and  to  the  great  Advantage  of  the  Country  round 
it,  he  at  length  efFcftually  performed  at  the  Expence  of  above  400000 
Pounds. 

In  the  Soil  of  all,  or  moft  of  thefe  180000  Acres  of  Land  (of  which 
90000  were  drained)  even  in  the  Bottom  of  the  River  of  Oufe^  in  the 
Bottom  of  the  adventitious  Soil  of  all  Marjhlandf  and  round  about  by 
the  Skirts  of  the  Lincoln/hire  Woolds  unto  Gainjburg^  B$utry^  Dencafter^ 
Baln^  Snaitb^  and  Holden^  are  found  infinite  Millions  of  the  Roots  and 
Bodies  of  Trees,  great  and  little,  of  moft  of  the  Sorts,  that  this  Iiland 
either  formerly  did,  or  at  prefent  does  produce,  as  Firs,  Oaks,  Birch, 
Beech,  Yew,  Wirethorn,  Willow,  Afli,  fcff.  the  Roots  of  ail,  ornioft 
of  which  ftand  in  the  Soil  in  their  natural  Poftures,  as  thick  as  ever 
they  could  grow,  as  the  Bodies  of  moft  of  them  lie  by  their  proper 
Roots.  Moft  of  the  great  Trees,  by  all  their  Length  about  a  Yard 
from  their  great  Roots  (unto  which  they  did  moft  evidently  belong* 
both  by  their  Situation  and  the  Samenefs  of  the  Wood)  with  thck 
Tops  commonly  North-Eaft,  though  the  fmaller  Trees  lie  alm<^  every 
Way  crofs  thofc,  fome  above,  fome  under,  a  third  Part  of  all  which 
are  Firs,  fome  of  which  have  been  found  of  thirty  Yards  length  and 
above,  and  have  been  fold  to  make  Mafts  and  Keels  for  Ships.  Oaks 
have  been  found  of  20,  30  and  35  Yards  long,  yet  wanting  aiany 
Yards  at  the  fmall  End.  Some  of  which  have  been  fold  for  49  8,  10 
and  15/.  a-piece;  which  are  as  black  as  Ebony,  and  very  lafting  and 
durable.  The  Aflies  are  as  Toft  as  Earth,  and  are  commonly  cut  in 
Pieces  by  the  Workmens  Spades,  which  as  foon  as  flung  up  into  the 
open  Air,  fall  away  into  Duft;  but  all  the  reft,  even  the  Willows 
themfclves,  which  are  fofter  than  Aflies,  preferve  their  Subftance  and 
Texture  to  this  Day.  I  have  feen  fome  Fir-Trees,  that  as  they  have 
laid  all  along,  after  that  they  were  fallen,  have  ftruck  up  great  Branches 
from  their  Sides,  which  have  grown  into  the  Thkknefsand  Height  of 
confidcrable  Trees. 
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It  is  very  obfervable,  and  manifeftly  evident,  that  many  of  thofe 
Trees  of  all  forts  have  been  burnt,  but  efptcially  the  Fir-Trees,  fome 
quite  through,  and  fome  all  on  a  Side,  fome  have  been  found  choppM 
and  fquared,  fome  bored  through,  others  half  riven  with  great  wooden 
Wedges,^  and  Stones  in  them,  and  broken  Ax-heads,  fomewhat  like 
Sacrificing  Axes  in  Shape ;  and  all  this  in  fuch  Places,  and  at  fuch  Depths, 
as  could  never  be  opened  from  the  Deftruftion  of  this  Foreft  until  the. 
Time  of  the  Drainage.  Near  a  great  Root  in  the  Parilh  of  Hatfield^ 
iircye  found  8  or  9  Coins  of  fome  of  the  Roman  Emperors,  but  exceed- 
ingly confumed  and  defaced  with  Time  ;  and  it  is  obfervable,  that  up- 
on .the  Confines  of  this  low  Country,  between  Bumingham  and  Brumby 
in  IJncolnfbirey  are  feveral  great  Hills  of  loofe  Sand,  under  which  (as 
they  are  yearly  worn  and  blown  away  with  the  Sand)  are  difcovered  , 

many  Roots  of  great  Firs,  with  the  Impreffes  qf  the  Ax  as  frefll  upon 
them,  as  if  they  had  but  been  cut  down  a  few  Weeks ;  which  I  have 
feveral' Times  taken  Notice  of. 

•  Hazle  Nuts  and  Acorns  have  frequently  been  found  at  the  Bottom  of 
the  Soil  of  thofe  Levels  and  Moors,  and  Fir-Tree  Apples,  or  Cones, 
in  great  Quantities,  by  whole  Bulhels  together.  And  at  the  very  Bottom 
of  a  new  River  or  Drain,  that  the  Drainers  cut,  (almoft  100  Yards  wide, 
and  4  or  5  Miles  long,  at  the  Charge  of  above  30000  /.  befides  the 
great  Sluice  at  the  End  thereof,  which  coft  near  30000  /.  more)  were 
found  old  Trees  fquared  and  cut.  Rails,  Stoops,  Bars,  old  Links  of 
Chains,  Horfe-heads ;  an  old  Ax  .fomewhat  like  a  Battle- Ax,  two  or 
three  Coins  of  the  Emperor  Vefpafian  \  one  of  which  I  have  feen,  with 
the  Emperor's  Head  on  the  one  Side,  and  a  Spread  Eagle  on  the  other ; 
but  that  which  is  more  obfervable,  is,  that  the  very  Ground  at  the  Bot- 
tom of  the  River  was  found  in  fome  Places  to  lye  in  Rigg  and  Fur, 
manifefting  thereby  that  it  had  been  plow'd  and  tilled  in  former  Days. 

Mr.  E(ku.  Canhy  told  me,  that  about  50  Years  ago,  under  a  great 
Tree  in  this  Pari(h,  was  found  an  old-fhaped  Knife,  with  a  Haft  of  a 
very  hard  black  fort  of  Wood,  which  had  a  Cap  of  Copper  or  Brafs 
on  the  one  End,  and  a  Hoop  of  the  fame  Metal  on  the  other  End, 
where  the  Blade  went  into  it ;  which  Blade  foon  mouldering  away,  he 
got  a  new  Blade  put  therein,  with  this  Diftich  upon  it. 

Ever  Jince  NoV  Flood  'Way  I  Uft^ 

Mf  old  Blades  confum^d^  but  this  is  the  Haft. 

The  fame  Gentleman  alfo  found  an  Oak  Tree  within  his  Moors  40 
Yards  long,  4  Yards  in  Diameter  at  the  great  End, 3  Yards  and  a  Foot  in 
the  Middle,  and  two  Yards  over  at  the  fmall  End  ;  fo  that  the  Tree* 
feems  to  have  been'  as  long  again  ;  for  which  he  was  profFer*d  20  /.  At 
another  Time  he  found  a  Fir-Tree  36  Yards  long,  befides  the  computed 
Length  thereof,  which  might  well  be  1 5  Yards  more.  About  50  Years 
ago,  at  the  Bottom  of  a  Turf-pit,  was  found  a  Man  lying  at  his  length, 
with  his  Head  upon  his  Arm,  as  in  a  common  Pofturc  of  Sleep,  whofe 
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Skin  bdog  at  it  were  cano'd  \ff  the  Moor- Waco-,  prefenred  hisSlnpr  fan 
tire,  but  within,  his  Flc(h  and  moft  of  his  Boots  were  oonfiimrd  and 
gone )  an  Arm  of  whom  is  now  in  the  Pofleflioa  <rf'Dr.  N^.  JJbmfm. 

Though  theie  Things  may  ieem  ftrange,  yet  many  Authors  havcie- 
laced  the  fame. 

Camkden  and"  others  have  told  us,  and  it  is  a  Thing  well  kiiowD»  that 
moft  of  the  great  Morafles,  Mofles,  Fens  and  Bogs  in  Somerfttfim, 
Cbiflnre^  Lancaflfiri^  H^ejtmankmd^  rarkjbirty  Staffonffiare^  Un^iii^in^ 
and  other  Counties  in  E^gland^  are  full  of  the  Roots  and  Bodies  g( 
great  Trees,  moft  of  which  are  Fir ;  and  that  they  have  the  fiune  Fot 
tions  and  Impreffions  of  the  Fire  and  Ax  upon  them,  that  tho(e  have. 

GiraUus  Cmbret^  tells  US|  that  in  King  Hcmry  the  Second's  Days,  by 
the  Force  of  extraordinary  Storms,  the  Sands  were  driven  fo  macb  off 
from  the  Sea-(hores,  in  Fcmbroh$fi>tT€^  that  under  them  were  difboverel 
great  Numbers  of  the  Roou  and  Bodies  of  Trees  in  their  natural  Po- 
ftures,  with  the  Stroaks  of  the  Ax  as  frelh  upon  them,  as  if  tbey  had 
but  been  cut  down  vefterday,  with  a  very  black  Earth,  and  fome  Blocks 
like  unto  Ebony  \  tne  fame  were  difcover'd  again  at  N€t4gaU^  ia  tho  (ame 
County  in  1590,  and  in  Cardigari/bire^  and  other  Places  lioce. 

Dn  Plot  mentions  the  like  Roots  and  Trees  to  be  found  in  ShMm 
Pool,  the  old  Pewit  Pool,  and  at  LsOjton  and  other  Places  in  Siaffmir 
finre  \  and  frcftn  their  natural  Situations  and  Poftures  concludes,  dot 
they  did  certainly  grow  there. 

Dr.  iMgh^  in  his  Hiftory  of  Cbefture^  obferves,  that  in  the  draining  of 
Martin  Meer  (which  was  performed  but  a  few  Years  ago)  were  ibuad 
Multitudes  of  the  Roots  and  Bodies  of  great  Firs,  in  their  natural  Po- 
ftures, with  great  Quantities  of  their  Cones,  8  Canoes,  fuch  as  the  old 
Britons  fail'd  in,  ancl  in  another  Moor  was  found  a  BralsKettle^  Beads 
of  Amber,  a  fmall  Millftone,  the  whole  Head  of  an  H^p^tamms^  aad. 
Human  Bodies  intire  and  uncorrupted.  I  fuppofe  he  means,  as  to  OBt- 
ward  Appearance. 

Many  Places  of  the  Soil  of  Atikfia  and  Man^  as  alfo  of  the  Bq^  rf 
Ireland^  are  likewife  full  of  Roots  and  Trees  j  butof  what  SoftI  ha^ 
not  yet  learn'd 

VerftegM  tells  us,  that  in  many  Places  of  the  Moors  and  MMaflbcf 
the  Netherlands^  great  Fir-Trees  are  commonly  found  with  their  Tops 
lying  to  the  North-Eaft,  juft  as  they  do  in  thefe  Levels,  and  I^kta^ 
mentions  the  Peel  there,  a  Turf  Moor  of  9  Miles  broad. 
*  I  have  likewife  read  in  fome  of  the  French  Naturalifts,  I  think  in 

Monfieur  de  la  Ferr^  that  Trees  and  Roots  are  alfo  frequently  found  in  * 
the  Low  Grounds^  Levels  and  Moraflea  of  France^  Switzeriatii  and 
Savey. 

Rammazzim  aflures  us,  that  m  the  Territories  of  Modma  {^Akk 
are  feveral  Miles  long  and  brgad,  and  at  prefent  a  moft  fruitful  dry 
Country,  tho'  in  the  Time  of  the  defars  it  was  nothing  but  a  greac 
I>dte)  are  found  at  30^  40,  and  50  Feet  deep>thc  Soii  of  ajowmariiif 
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Mountry,  fu«l  of  Sedge,  Reeds,  Shrubs,  Roots,  Trees,  Nuts,  fiatrS  6F 
Som,  Leayes  of  Trees,  Branches  and  Boughs  of  Oaks,  Elms,  Wall- 
luts,  Aihes,  Willows,  and  the  very  Trees  themfelves,  fome  brdke, 
bmc  whole,  fome  Handing  upright,  fome  lying  at  their  Length,  6fr. 
¥itb  old  Coins  of  the  jR^mmit Emperors,  old  Marbles  and  Stones  fquared, 
nat,  carved,  and  wrought,  with  the  Hands  of  Men,  £s?r. 

Moft  Men  refer  all  this  to  NoaV%  Flood ;  but  if  fo,  how  cdmcs  it 
hat  the  Trees  and  their  Roots  lie  fo  near  to  one  another,  and  why 
engthways,  from  South- Weft  to  North-Eaft  ?  Why  fontie  of  them 
Jturnt,  fome  chopt,  fomo  riven,  fome  fquared^  fom©  bored  through  ? 
Nhy  the  Soil  at  ibt  very  Bottom  of  a  great  River  lying  in  Rigg  and 
i^ar  ?  And  why  th^  Coins  of  Roman  Efnperots  found  in  thofe  Places,  • 
^c.}  But  I  am  of  Opinion,  that  all  thofe  Trees  grew  in  the*  very  Places 
rhere  we  now  fyid  them,  both  in  this  Country,  and  all  others  wliere 
hey  are  found  ;  to  which  I  have  beard  but  two  Objeftions :  The  firft, 
Dat  Cir/^  exprefly  fays,  that  no  Fir-trees  in  his  Time  grew  hi  Bri- 
mn:  But  dut  C^ftr  may  have  been  miftaken  in  this  Point,  may  appear 
rom  what  he  mentions  of  the  next  Tree,  the  \fitfrr^,  which  he  excludes 
ilfo  ;  and  which  is  fo  common  in  every  Part  of  this  Nation  :  And  in 
n  old  Deed  relating  to  this  very  Chace,  Fh'-trees  or  Buflies  are  men* 
ion'd  as  growing  here  and  there  one,  about  300  Years  ago  \  aild  it  is 
rtvf  well  known,  that  there  was  a  Tree  of  the  very  fame  Wood  grow- 
ng  upon  Hatfield  Moor  Side  within  tkefe  36  Yeai^,  which  a  While  af- 
er  was  cut  down,  it  being  the  very  laft  (tf  that  Kind  that  was  feen  flou« 
iihing  here. 

The  fecond  Obje&ion  is.  That  thofe  forts  of  Trees  grow  always  on 
dgh  Mountains  and  Rocks,  and  never  thrive,  nor  naturally  grow  up- 
»n  fuch  Low  Grounds  and  Morafies,  as  thefe  are,  where  We  how  find 
hem  ;  but  though  they  do  indeed  m  all  cold  Countries  of  the  North, 
hrive  beft  there  upon  the  hardeft  Rocks  and  Mountains,  yet  are  they 
bmetimes  feen  even  there  plentiful  and  grdat,  in  the  Low  Moraffes  of 
Ue^nd^  Courlandy  Fomerania^  and  other  Countries  thereabouts ;  and 
n  the  Low  Forefts  and  Woods  Weft  of  Neo>  England^  as  I  have  heard 
fravdlers  affirm,  what  thefe  Tr^s  require,  is  a  fandy  Sotl ;  and  if  it 
16  never  fojiigh,  or  never  fo  low,  diere  they  will  grow,  and  there  it 
s  natural  to  them.  And  as  the  Reverend  Mr.  Earai:  of  Hatfield  lately 
>bferv^d  in  the  digging  of  a  Pit  of  a  great  Decoy  in  thrfe  Levels,  the 
^bots  of  the  Firrs  always  ftood  in  the  Sand^  and  the  Oaks  in  the  Clay, 
ind  I  have  obferved  the  fSune  in  Multitudes  of  Places  of  thefe  Com- 
nona. 

The  Reafon  why  aK  thefe  Woods  were  deftroy'd,-  we  may  learn  from 
he  RBmsm  Hiftormna ;  who  freqtmntly  tell  us,  that  when  their  Af mies 
nd  Generals  poifbed  thd  mid  BrUansy  that  the^'always  fled  into  the 
"aftneflfes  of  miry  Woods  and  low  watery  Fortfts.  Cf/ir  himfelf  con- 
iefiet  the  fame ;  and  fays,  that  CqffihlaH  and  his  Britons^  after  their 
>efeaf,  pAflbi  the  Ibamei^  and  fled  into  fuch  low  Mor^s  and  Woods, 
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that  ihcre  was  no  Pbffibility  of  following  them.  Wc  find  alfo,  that 
the  flout  Nation  of  the  SHuns  did  the  fame  when  dicy  were  fct  upon 
by  Oftmus  and  Agrkola.  The  like  did  Venmtius  King  of  the  Brigamts^ 
who  fled  into  the  grett  woody  Morafles  of  this  Country,  and  perhaps 
into  thofe  very  fame  that  formerly  overfpread  thcfe  Levels.  And  /&- 
rodian  tells  us,  that  it  was  the  Ciiftom  of  the  wild  Britom  to  keep  ia 
the  fenny  Bogs  and  thick  marihy  Woods,  and  when  Opportunity  of- 
fered, to  iflue  out,  and  fall  upon  the  Romans^  who  were  at  length  ib 
plagued  with  them,  that  they  were  forced  to  iffue  out  Orders  for  the 
deftroying  and  cutting  down  of  all  the  Woods  and  Forefls  in  Britam, 
efpecially  of  all  thofe  that  grew  upon  low  Ground  and  Morafies.  This 
Order,  I  think,  is  mentioned  in  Vapifcus ;  and  that  they  were  according- 
ly thereupon  cut  down,  is  evident  in  many  Writers,  who  tell  us,  that 
when  Suetonius  Ptfir/mirJ.conquerM  AngUfia^  he  cut  down  all  the  Woods 
there.  Gakn  tells  us,  that  the  Romans  kept  their  Soldiers  condnuaily 
employed  in  cutting  down  of  Woods,  draining  of  Marihes  and  Fens, 
and  in  paving  of  Bogs.  It  is  manifeft  alfo,  tl^  they  did  not  only  do 
this  themfelves,  but  alfo  impofed  the  fame  Tafk  upon  the  Britmis  •,  for 
Galgaats  in  his  Speech  to  his  Soldiers,  telb  them^  that  the  Romans  made 
Slaves  of  them,  and  wore  out  their  Bodies  in  cutting  down  of  Woods 
and  in  cleanfrng  of  Bogs,  amidfl  a  thoufand  Stripes  and  Indignities ; 
and  Dicn  Caffius  tells  us,  that  the  Emperor  Sevens  loft  50000  of  his 
Men  in  a  few  Years  time,  in  cutting  down  of  the  Woods,  and  cleanfing 
of  the  Fens  and  Moraffes  of  the  Nation. 

As  I  have  fhcw'd  in  general,  that  the  Romans  were  the  Deflroyers  of 
all  thofe  great  Woods  and  Forefts,  fo  now  I  Ihall  fliew  in  particular^ 
that  they  a(Shially  were  in  this  Part  of  the  Country,  and  deflioy'd  this 
great  and  beautiful  Fprcft  of  Hatfield-Chace. 

The  common  Road  of  the  Romans  out  of  the  South  into  the  Nordi, 
was  formerly  from  Lindum  {Lincoln)  to  Segelocum  {Little  burrow  upon 
Trent)  and  from  thence  to  Danum  {Doncafter^  where  they  kept  a  ftand- 
ing  Garrifon  of  Crifpinian  Horfe)  a  little  off  on  the  Eaft  and  North-Eaft 
of  their  Road  between  the  two  laft  named  Towns,  lay  the  Borders  of 
the  great  Foreft,  which  fwarm'd  with  wild  Britons^  v{ho  were  coDtir 
nualjy  making  their  Sallies  out  rf  the  fame,  and  their  Retreats  into  it 
again,  intercepting  their  Provifions,  taking  and  deftroying  their  Car- 
riages, killing  their  Allies  and  Paffengers,  and  difturbing  their  Garri- 
fons;  which  at  length  fo  enraged  thtRomanSy  that  they  were  refolved 
to  deftroy  it ;  and  that  they  might  do  the  fame  more  .cffc6hially,  they 
marched  with  a  great  Army  againft  the  fame,  and  encamped  upon  a 
great  Heath  or  Moor,  not  far  from  Finmngly^  (as  by  then-  Fbrtificadcms 
there  yet  co  be  feen,  is  apparent)  where  it  is  probable,  that  a  greac 
Battle  cnfued ;  for  hard  by,  is  a  little  Town,  called  Ofterjiidd.  Now  as  the 
latter  Part  of  the  Word  is  never  ufed  to  be  added  to  any  other,  but  where 
there  hath  been  a  Battle  ;  fo  the  former  feems  to  tell  us  what  Rjoman 
General  it  was  that  fought,lo.wit,thc  famous  Qfimus^whom  all  the  Roman 
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Hiftorians  afliire  ua,  was  in  thofe  Parts.    But  who  got  the  ViAory,  is^ 
not  fo  eafy  to  be  judged  of,  though,  no  Doubt,  it  was  the  valiant  Bjo- 
mans^  who  befides  the  Multitudes  of  the  Bri^tms  that  they  flew,   drove 
the  reft  back  into  the  great  Forcft  and. Wood,  that  covered  all  this  low 
Country:  Whereupon  the  Romans^  that  they  might  both  dcftroy  it 
and  the  Enemy  the  eafier,  took  the  Opportunity  of  a  ftrong  South- 
Weft  Wind,  and  fet  great  Fires  therein,  which  taking  hold  of  the  Fir- 
trees,  burnt  like  Pitch,  and  confumed  infinite  Numbers  of  them  ;  then 
when  the  Fir  had  done  what  Mifchief  .and  Execution  it  could,  the  R^- 
mans  brought  their  Army  nearer,  and  with  whole  Legions  of  captive 
Britons  chopped  and  cut  down  moft  of  the  Trees,  that  were  yet  left 
ftanding,  leaving  only  here  and  there  fome  great  ones  untouched,  as^ 
Monuments  of  their  Fury,  and  unncedfiil  of  their  Labour ;  which  be- 
ing deftitute  of  the  Support  of  the  Underwood,  and  of  their  neigh- 
bouring Trees,  were  eafily  overthrown  by  the  ftrong  Wind  ;  all  which.     ' 
Trees  falling  crofs  the  Rivers  that  formerly  ran  through  this  Low  Coun- 
try, foon  damm'd  up  the  fame,  turned  it  into  a  great  Lake,  and  gave- 
Origin  to  the  great  Turf  Moors  that  are  here,,  by  the  Gyrations  and 
Workings  of  the  Waters,  the  Precipitation   there- from  of  terreftrial; 
Matter,  the  Confumption  and  Putrefadion  of  rotten  Boughs  and  Bran- 
ches, and  the  vaft  Increafe  of  thick  Water  Mofs,  which  wonderfully 
flouriflics,  and  grows  upon  fuch  rotten  Grounds ;  which,  even  now, 
fince  the  Drainage, and  fmce  that  the  Country  is  laid  dry  for  many  Miles- 
round  about,  yet  for  all  that,  are  fo-  turgid  with  Water,  and  JTo  foft.- 
and  rotten,  that  they  will  fcarce  bear  Men  to  walk  upon  them. 

Hence  it  is,  that  old  Reman  Coins,  old  Roman  Ax-heads,  &^.  have 
been  founds  by  thofe  Roots  and  Trees  that  lie  at  the  Bottom  pi  thele 
Moors  and  Levels.  Hence  it  is,  that  in  all  theie  Grounds  are  found 
great  Numbers  of  Trees,  that  are  burnt,,  fome  in  two,  and  fome 
lengthways,  others  hewn  and  chopped.  Hence  it  is,  that  they  lie  by 
their  own  proper  Roots  with  their  Tops  North- Eaft:  Hence  it  is,, 
that  ibme  of  the  greateft  Trees  are  found  with  their  Roots  on,  and 
others,,  as  they  have  laid  all  along,  have  had  Branches  growing  out  of 
the  Sides,  unto  the  Thicknefs  and  Height  of  confiderable  Trees.  Hence, 
it  is,  that  both  the  Clay  and  Moor  Soil  of  the  Country,  is  in  fome  Places 
two  or  three  Yards  higher  than  it  was  formerly,  by  the  growing  up 
of  the  fame,.  <and  the  daily  Warp  that  the  Rivers  continually  caft 
thereon,  f^c. 

As  the  Romans  were  the  Deftroyers  of  this  great  Foreft,  fo  were 
they  likcwife  of  all  thofe  others  that  formerly  grew  upon  the  Low 
Countries  of  C&^/r^,  Lancajhirty  Torkftnre^  Lincolnjhirey  Staffordjhirey. 
Spmerfetjhire^  &c.  and  of  the  very  Countries  beforc-mention*d  beyond 
Sea,,  where  fuch  Trees  are  found.  But  as  the  Romans  were  not  much 
in  WaleSy  the  JJU  of  Man^  not  Ireland^  fo  it  cannot  be  fuppofed  that  it. 
fhouldbethem  that  cut  down  their  Woodsy  but  though  they  did  not, 
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yet  others  did,  for  Bollinjbead  and  others  of  our  Hiftorians  idl  us,  chcc 
Edward  I.  being  not  able  to  get  near  the  fFdfo  to  fight  thcni,  by  their 
Continuance  and  Skulking  in  boggy  Woods,  conimanded  them  all  to 
be  deftroyed  by  Fire  and  Ax :  And  I  doubt  not  it  all,  but  that  the 
Roots  and  Trees,  before  mentionM  by  Cambrenfis  in  Fm^^kejkire^  were 
the  Rcli(fts  of  fomc  of  thofe,  that  were  then  dcftroyM  :  And  as  for 
thofe  in  Man^  and  other  Iflands,  they  have  all  been  cut  down  in  the 
Time  of  War,  and  have  laid  till  they  were  grown  over  with  die  Soil 
of  the  neighbouring  Grounds :  And  as  for  thofe  that  arc  found  in  the 
Bogs  of  Irtland^  many  of  our  Hiftorians  exprefly  fay,  that  Htmry  the 
Second,  when  he  conquered  it,  cut  down  all  the  Woods  that  grew  upon 
the  Low  Countries  thereof,  the  better  to  fecure  his  Conqueft  and  Pof- 
ftffion  of  the  fame,  to  keep  the  Country  in  a  fettled  Pteace,  and  to  dif- 
arm  the  Enemy,  who  commonly  trufting  to  fuch  Advantages,  are  apt 
xo  rebel.  . 

\  may  alfo  add,  that  it  is  a  very  common  thing  for  Generals,  even  to 
this  very  Day,  to  deftroy  all  the  Woods  th«  grow  upon  advantageous 
Places  and  Faftnefles  in  an  Enemy's  Country,  if  they  intend  to  keep  it  v 
and  that  they  always  do  it  with  Fire  and  Ax. 
«.»M/^^lame,      2-]  I  have  received  fome  farther  Informations  about  the  ftr-ltretx  of 
bythi^Mmt.vL.  HatfielirChace.     I  have  been  told  by  feveral  Gentlemen,  that  about  20 
^77.  p.  1073-  Years  ago,  one  Sanderfm^  of  Hatjkld^  died,  aged  near  8a  Years,  whofe 
Father,  much  of  the  fame  Age,  did  frequently  affure  him,  and  other 
Gentlemen  that  were  curious  in  the  Matter,  th^  he  could  very  well 
remember  many  Hundreds  of  great  Fir-trees,  ftanding  one  here  and 
another  there,  in  a  languifhing  decaying  Condition,  lalf  as  high  as 
Houics,  and  fome  higher,  whofe  Tops  were  all  dead,  yet  thfir  Boughs 
and  Branches  always  green  and  flourifhing,  growmg  all  of  them  in  dide 
Levels  :    And  Jcbn  Hatfield  of  Hatfield,  Efq;  who  is  not  above  40 
Years  of  Age,  has  by  him  a  large  Twig  that  his  Father  pluck'd  rfF 
from  the  Sprout  of  a  green  and  flourifliing  Shrub  of  Fir,  that  grew 
from  the  great  Root  of  one  of  the  fame  kind  in  theft  Commons.   And 
an  old  Man  of  Croul  tells  me,  that  he  has  heard  his  Father  fay,  that  he 
could  remember  Multitudes  of  Shrubs  and  fmall  Fir-trees  growing  here, 
while  this  Country  was  a  Chace,  and  while  the  Vert  was  prefcrvcd,  be- 
fore the  Drainage.     And  in  many  old  Charters,  that  I  have  fcen,  of 
Roger  de  Mowbray^  Lord  of  Jxhelm^  who  lived  in  the  Year  1 100,  re- 
lating to  Hurftj  Bell-woody  Rofs^  Santoft^  &c.  it  appears,  that  then  aU 
thefe  Places  were  covered  with  a  great  old  decaying  Forcft  or  Wood  \ 
and  not  them  only,  but  alfo  all  that  low  Common  between  Chw/Caufey 
Md  Autbr^  upon  Trent  *^  and  though  there  be  not  one  Stick  of  any  fuch 
Thing  now  to  be  feen,  yet  it  is  not  only  plainly  manifeft,  that  the  fame 
was  true,  from  the  Roots  there  found,  but  alfo  from  the  faid  Roots,  that 
moft  of  the  Trees  that  then  grew  there,  were  Firs.     All  which  were 
but  the  After-growth,  and  Rclifts  of  the  great  Forcft^  that  was  deftroy- 
ed by  the  Romans. 
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VII.  There  happened  an  Inundarion  at  Dagenbam  and  Havering  in  Of  SiAterr^- 
Effexy  about  four  or  five  Years  ago,  by  a  Breach  in  the  Thamis  ^all^*'^^^' 
at  an  extraordinary  high  Tide  \  and  by  Means  of  the  great  Violence  of  g^^^  hjMr. 
the  Water,  a  large  Channel  was  torn  up,  or  Paflagc  for  the  Water  of  w,  Dcrham. 
100  Yards  wide,  and  20  Feet  deep  in  fome Places  %  and  in  ibme  more,,n.33s,p.47a. 
fome  lefs.  By  which  means  a  great  Number  of  Trees  were  laid  bare,. 
lliat  had  been  there  interred  many  Ages  before. 

The  Trees  were  aU  of  one  Sort,  except  only  one,  which  was  mani* 
feilly  a  krge  Oak,  with  the  ereatefl  Part  of  its  Bark  on,  and  fome  of 
its  Head  and  Roots.  The  reft  of  the  Trees  were  taken  to  be  Tew^,  from 
the  Hardnefs,  Roughnefs,  and  Weight  of  the  Wood,  notwithftanding 
we  have  no  Tew  growing  any  where  thereabouts ;  and  it  feem'd  ftrange 
to  me,  that  Tew  ihould  grow  in  fuch  vaft  Q9^^^^>  ^^  ^^^  ^  ^^'^ 
and  fo  near  the  bracki(h  Waters.  Some  took,  it  to  be  Hom^beam^  which. 
grows  plentifully  alfo  with  us  in  the  higher  Lands  (but  I  do  not  re- , 
member  to  have  feen  it  in  watery  Places  near  us)  but  I  rather  incline  ta> 
the  Opinion  of  its  being  Alder j  (which  grows  plentifully  by  our  Frefhr 
Water  Brooks)  the  Grain  of  the  Wood,  and  Manner  in  which  the 
Boughs  groW)  &?c.  much  more  refembling.  that  of  Jllder^,  than  Bfirth 
beam. 

By  lying  fo  long  under  Ground,  the  Trees  are  become  black  and  hard», 
and  their  Fibres  are  fo  tough,  that  one  may  as  eafily  break  a  Wire  of 
the  fame  Size,  as  any  of  thofe  Fibres.  This  Toughnefs  they  maintain^ 
if  the  Wood  be  kept  dry  •,  but  by  drying,,  thofe  Trees  become  cracked^, 
and  very  flawy  within,  but  look  found  outwardly,  and  with  Difficulty, 
yield  to  Wedges.  But  the  Trees  lying  in  the  Marihes,  which  are  co- 
vered by  every  Flood,  and  laid  baxc  by  every  £bb^.  ia  a  fhort  Time 
become  very  rotten. 

There  is  no  doubt,  but  thofe  Trees  grew  in  the  Place  where  they, 
now  lie,  and  that  in  vaft  Multitudes  *,  they  lying  fo  thick  upon,  or 
near  one  another,  that  in  many  Places  I  could  ftep  from  one  to  another.. 
And  there  is  great  Reafon  to  think,,  that  not  only  the  Marfhes,.  which 
are  now  overflowM  (which  are  about  1000  Acres)  are  covered  under* 
neath  with  thofe  fubterraneous  Trees,  but  alfo  all  the  Marihes  along  by 
the  River  Side,  for  fcveral  Miles :  For  we  difcover  thcfe  Trees  all  along 
the  Thames  Side  over  againft  RaitAamj,  fFenmngtm^  Purfieety  and  other 
Places:  And  in  the  Breach  that  happened  at  frefi  Tborrock  about  21 
Years  ago,  they  were  waihed  out  in  as  great  Numbers  (as  I  have  beea 
informM)  and  of  thfe  fame  kind  of  Wood,  as  thofe  found  lately  in.2)tf- 
gmbam  and  Havering  Levels. 

*  Thefe  Trees  are  of  different  Sizes ;  fome  above  a  Foot  Diameter^ 
fome  lefs.  I  met  with  two  of  the  leiler  Sort,  ftanding  upright,,  in  the: 
fame  Pofture  in  which  they  grew  -,  their  Tops  juft  above  Low-Water^ 
and  their  Bottoms  (at  le^  the  Bottom  of  the  Channel)  at  16  Feet 
Depth.    We  endeavoured  to  draw  them  out»  but  could  not  do  it  with: 
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;  all  our  Strength.  They  fcemed  to  be  about  two  Inches  DiameCer  in  their 
Trunk,  had  feme  of  their  Boughs  on,  were  dead,  and  in  all  Likeli- 
hood, being  young  and  light,  eicaped  the  Force  of  what  threw  the 
otlier  more  large  and  unwieldy  ones  down. 

Mod  of  the  Trees  had  their  Roots  on,  and  many  of  them  their 
Boughs^  and  fome  a  Part  of  their  Bark.  There  was  only  one  that  I  per- 
ceived had  any  Signs  of  the  Ax^  and  its  Head  had  been  lopped  offl 

I  could  fee  all  along  the  Shores  vaft  Numbers  of  the  Stunts  of  thofe 
fubterraneous  Trees,  remaining  in  the  very  fame  Pofture  in  which  they 
grew,  with  their  Roots  running  fome  down,  fome  branching  and  fpread- 
fng  about  in  the  Earth,  as  Trees  growing  in  the  Earth  commonly  are 
feen  to  do.  Some  of  thofe  Stumps  I  thought  had  Signs  of  the  Ax, 
and  moft  of  them  were  flat  at  top,  as  if  cut  oflf  at  the  Surface  of  the 
Earth  ;  but  being  rotten  and  battered,  I  could  not  fully  fatisfy  myfelf, 
whether  the  Trees  had  been  cut  or  broken  off. 

The  SoiU  in  which  all  thofe  Trees  grew,  was  a  black  oozy  Earth, 
full  of  the  Roots  of  Reed  ;  on  the  Surface  of  which  oozy  Earth  the 
Trees  lay  proftrate,  and  over  them  a  Covering  of  grey  Mould,  of  the 
felf  fame  Colour  and  Confidence  with  the  dry  Sediment,  or  Mud,  which 
the  Water  leaves  behind  it  at  this  Day.  This  Covering  of  grey  Earth 
is  about  7  or  8  Feet  thick,  in  fome  Places  12  Feet  or  more,  in  fome 
lefs  ;  at  which  Depths  the  Trees  generally  lie. 

Another  Thing  I  took  notice  of,  was  the  Pofiure  in  which  the  Trees 
lay,  which  was  indeed  in  no  kind  of  Order,  but  fome  this  way,  fome 
that,  and  many  of  them  a-crofs :  Only  in  one  or  two  Places  I  obfervcd 
they  lay  more  orderly,  with  their  Heads  for  the  moft  part  towards  the 
North,  as  if  they  had  been  blown  down  by  a  Southerly  Wind,  which 
exerts  a  pretty  ftrcmg  Force  upon  that  Shore. 

As  to  the  Age  in  which  thofe  Trees  were  interred,  it  is  hard  to  de- 
termine.    Many  think  they  have  lain  in  that  fubterraneous  State  ever 
iince  Noab^s  Flood.    But  although  I  have  not  the  leaft  Doubt,  but  that 
at  this  Day  we  have  many  Remains  of  the  Spoils  of  that  Deluge,  even 
in  the  higheft  Mountains  ;  yet  I  rather  think  thefe  Trees  to  be  the  Ruins 
of  fome  later  Age,  occafioned  by  fome  extraordinary  Inundations  of  the 
River  of  Thames^  or  by  fome  Storms,  which  blow  fharply  upon  this 
Shore :  Either  of  which  Adls  of  Violence  might  be  able  to  root  up, 
and  tumble  down  Trees  growing  in  fo  lax  a  Soil,  as  thefe  manifdUy 
grew  in  at  that  Time.     And  as  for  extraordinary  Inundations  of  the 
TbiMes^  there  is  at  this  Day  a  Mark,  which,  if  occafioned  by  an  In- 
undation, was  the  Mark  of  an  Inundation  very  prodigious,  beyond  aii 
ever  known  to  have  b«en  in  that  River ;  and  that  is  a  Bed  of  Sbdls^  if 
not  a  kind  of  Marble  too,  lying  crofs  the  Highway  on  the  Defcent  near 
Stifford'bridge^  going  from' S.  Okendon. 

Below  this  Bed  of  Shells,  at  above  50  or  60  Yards  Diftance  in  the 
Bottom  of  the  Valley,  runs  a  Brook  that  empties  itfelf  into  the  Thames 
at  Purfieety  about  three  Miles  from  thence  \  which  Brook  ebbs  and 
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flows  as  the  Thames  does^  but  not  at  any  certdn  Height)  by  tleaibn  oF 
Mills  (lancfing  thereon  ;  but  above  a  pretty  High-water  in  the  Brook» 
the  Surface  of  the  Bed  of  Shells  1  find  to  lie  above  20  Feet  perpen- 
dicular. Confequently  if  this  Bed  of  Shells  was  repofited  in  that  Place 
by  an  Inundation  of  the  Thames^  that  Inundation  muft  be  fuch,  as 
would  have  drowned  a  vaft  deal  of  the  adjacent  Country,  and  have 
over-topped  the  Trees  by  the  River,  in  PFefi-Thorrcck^  Dagenbam^  and 
the  other  Marlhes,  and  probably  by  that  Means  overturned  them^ 

Now  had  thefe  Trees  been  left  there  by  the  Univerfal  Deluges  we 
fhould  not  find  the  Bed  of  Earth,  in  which  they  grew,  fo  entire  tod 
undifturbed,  as  it  manifeftly  is  at  this  Day,  a  fpongy,  light,  opty  Soil, 
full  of  Reed-root ;  and  I  affure  myfelf  (although  I  never  try'd  it)  of 
much  lefs  fpecific  Gravity  than  the  Stratum  above  it  is.  Whereas  I  can 
from  Experiments  affirm,  that  in  the  three  Places  where  I  have  tried  it^ 
the  Strata  are  in  a  furprizing  Manner  gradually  fpecificaily  heavier  and 
heavier,  the  lower  and  lower  they  lie. 

As  for  the  Manner  bow  tbefe  "Trees  came  to  be  interred^  this  I  take  to  be 
from  the  gradual  Increafe  of  the  Mud,  or  Sediment,  which  every  Tide 
of  the  Thames  leaves  behind  it.  I  prefume,  thofe  Trees  might  be  thrown 
down  before  the  Walls  or  Banks  were  made,  that  keep  the  Thames  out 
of  the  Marfhes  i  and  then  thofe  Trees  were  over- flown  every  Tide.  And 
by  Rcafon  they  lay  thick,  would  foon  gather  a  great  deal  of  the  Sedi- 
ment. And  after  the  Thames  Walls  were  made,  every  Breach  in  them, 
and  Inundation,  would  leave  great  Quantities  of  Sediment  behind  it  5 
is  I  found  in  going  over  fome  of  the  Marfhes,  foon  after  the  late  Bre^ch^ 
vhere  I  found  the  Mud  generally  above  my  Shoes,  and  in  many  Places 
ib6ve  my  Knees.  And  it  is  a  Pradlice  among  us  (of  which  we  have 
livers  Inflanccs)  that  where  a  Breach  would  coft  more  to  ftop,  than 
he  Lands  over-flown  will  countervail,  there  to  leave  the  Lands  to  the 
Jercy  of  the  Thames  \  which  by  gradually  growing  higher  and  high* 
r,  by  the  Additions  of  Sediment,  will  in  Time  Ihut  out  the  Water  of 
he  River,  all  except  the  highefl  Tides.  And  diefe  Lands  they  call  Salt- 
igs^  when  covered  with  Grafs  j  or  elfe  they  become  Reed-graundj  &c. 

That  it  was  the  Sediment  of  the  Thames  that  buried  thefe  Trees,  is 
irthcr  manif^  from  what  I  faid  before,  of  the  Likenefs  of  the  Earth 
(Jove  them,  in  all  Refpedls,  to  the  Sediment  the  River  now  lets  fall, 
fheri  dry,  which  may  be  obferved  to  confift  of  many  diftinft  Layers ; 
ftne  t\  of  an  Inch  thick,  fome  lefs,  and  fome  fcarce  tj  of  an  Inch. 
:11  which  feveral  Layers  are,  no  doubt,  the  feveral  Quantities,  which 
fery  Tide  left  behind  it.  This  Sediment,  when  dry'd  by  the  Sun  and 
rind,  becomes  tough  and  hard,  and  lookethlike  agrey  Lapis Seijilis 
^  Slate,  divifible  into  many  Plates  or  Layers.  And  what  if  we  fhould 
pibe  the  Conformation  of  Slate,  Afyfcovia-glafs,  and  other  the  like  la- 
Inated  Concretions,  to  a  like  Work  of  Nature,  by  adding  new  Layers 
J  fuch  Petrifaftions,  and  F^articles/  as  the  Foffil  is  HKide  of  ? 
jVoL.  IV.    Part.  IL  4  U  I  pre- 
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I  prefutne  there  will  be  no  doubt  but  that  the  fubterraneous  Wood 
receives  its  Blacknefs  from  Vitriolic  Juices  in  the  Earth,  I  have  tryM 
the  Experiment,  and  find  that  Alder-lVood^  whether  green  or  old,  be- 
comes blackifh,  much  of  the  fame  G)lour  as  the  Wood  mentioned  uk 
this  Paper,  in  a  Solution  of  Copperas  Which  is  not  only  an  Argu- 
ment, that  the  Blacknefs  of  the  Wood  is  owing  to  Vitriol,  but  dfa 
that  the  Wood  is  Aldery  or  fome  fiich  like  Wood,  that  wilJ  become 
black  with  Vitriol ;  for  I  am  informed  that  all  fubterraneous  Wood  is 
not  black,  jjarticularly  Fir.  I  have  tried  Horn-beam  fince,  after  the  fame 
Manner,  and  find  that  alfo  becomes  black,  as  the  Alier  doth. 

O/  frjngt         VIII.  I,]  Mr.  John  Somner^  in  the  Month  o^  September  1688,  iinkii^ 

«.!.rctfte?   ^  "^^^  ^^  *  "^^  ^^^^^  ^^  ^^^  '^^  Ciartbam,  a  Village  about  three  MiJcs 
bur>'.   ^ai  0/^^^^  Canterbury^  towards  AJhfordy  on  a  (helving  Ground  or  Bank-fide^ 
tb::  ifthmus     within  twelve  Rods  of  the  River,  running  from  thence  to  Canterbury^  and 
ictti^fenDower  fo  to  Sandwicb  Haveu  ;  and  digging  for  that  purpofe  above  /evcntcea 
T^Mr^^^^^'  ^^^  ^^^P'  ^^^o^S'^  gravelly  and  chalky  Ground,  and  two  Feet  into  the 
Somncr.  n.     ^P^ngs,  there  met  with,  and  turned  up  a  Parcel  of  ftrange  and  mon<- 
272.  p.  882.   ftrous  Bones,  fome  whole,  fome  broken,  together  with  four  Teeth,  per- 
pjg  26,  27.   '^^  ^^  found,  but  in  a  manner  petrified,  and  turned  into  Stone ;  weigh- 
ing (each  Tooth)  fomething  above  half  a  Pound,  almofl:  as  big  (fome  of 
them)  as  a  Man^s  Fift :  Cheek-Teeth,  or  Grinders,  as  to  the  Form, 
they  are  all,  not  much  unlike,  (but  for  the  Bignefs)  the  Grinders  of  a 
Man.     I  remember  to  have  read  in  Ludavkus  Vives^  of  fuch  a  Toodi, 
but  a  little  bigger  (dens  molaris  pugno  nuyor)  which  was  {hewed  to  him 
'  for  one  of  St.  CMftopber*s  Teeth,  and  was  kept  in  a  Church  that  bore 

his  Name.  Juft  fuch  another  Tooth,  of  the  Bignefs^  he  faith,  0/  an  er- 
dinary  Fift^  was  feen  by  Acofta  in  the  Indies^  digged  out  of  the  Ground, 
in  one  of  their  Houfes  there,  with  many  other  Bones  •,  which  put  toge- 
ther reprefented  a  Man  of  a  formidable,  or  as  he  fpeaks,  deformed  Bigmfs\ 
as  he  judged  of  it.  And  fo  muft  we  have  judged  of  thefe  Teeth,  and 
of  the  Body  to  which  they  belonged,  had  not  other  Bones  have  been 
found  with  them,  which  could  not  be  Man's  Bones.  Some  that  have 
feen  them,  by  the  Teeth  and  fome  other  Circumftances,  are  of  Opinion, 
that  they  are  the  Bones  of  an  Hippopotamus^  or  Equus  Fluvialis  ;  that  is, 
a  RJver  Hor/e ;  for  a  Sea  Horfe^  as  commonly  underilood  and  othibited, 
is  a  fidtitious  Thing.  Yet  Plittf  makes  Hippopotamum  (mari^  terr^^  amm 
communem)  to  belong  to  Sea^  Landy  and  Rivers.  But  what  the  l}iSt- 
rences  and  Properties  of  each  Kind  are,  I  leave  to  others  to  enquire. 
The  Earth  or  Mould  about  them,  and  in  which  they  all  lay,  being  like 
a  Sea-Earth,  or  FuUing-Earth,  not  a  Stone  in  it,  unlefs  you  dig  three 
Feet  deeper,  and  then  it  riCbs  a  perfeft  Gravel. 

It  is  not  eafy  to  define  or  determme  what  the  Creature  was  ;  and 
doubtlefs  dubious  enough  it  is,  whether  of  the  two,  the  Sea  or  the  Land, 
may  more  rightly  lay  Claim  to  iu  But  I  am  of  Opinion,  that  it  is  Uxm 
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Marine,  or  Sea-bred  Creature,  to  which  the  Land  can  of  Right  lay  no 
Claim.  But  fuppofmg  it  a  Sea-bred  Creature,  how  then  (will  fome  fay) 
(hould  it  poffibly  come  there  ?  and  at  fuch  a  Depth  under  Ground  ?  I 
anfwer,  firft,  with  as  little  Wonder  as  a  Land- creature  fhould,  which  , 
who  with  Reafon  can  imagine  to  have  ever  had  at  firft  fo  deep  a  Burial  ? 
Next,  I  fay,  the  Mould,  Soil,  or  Earth,  wherein  it  lay,,  was  altogether 
miry,  like  to  that  canum  (oofe^  fome  call  it)  on  many  Parts  of  the  Sea- 
coaft,  both  in  England  and  abroad.  But  how  poffibly  (will  it  be  faid) 
a  Sea-creature,  when  found  at  fo  remote  a  Diftance  from  theSea  ?  For 
Solution  (it  may  be)  of  this,  and  the  like  incidental  Doubts,  and  remo- 
ving all  Rubs  out  of  the  Way  of  this  Conjefture  j  I  fhall  confidet  the 
four  following  Queries :  . 

1 .  Whether  the  Situation  and  Condition,  Face  and  Figure,  of  the 
Place,  may  poffibly  admit  of  the  Sca*s  once  infmuating  itfelf  thi- 
ther ? 

2.  Whether  (that  Poflibility  being  granted,  or  evinced)  the  Sea  did 
ever  aAually  infinuate  itfelf  lo  far  as  to  this  Place,  and  when  ? 

3.  How  in  Probability,  and  when,  this  Valley  or  Level,  being  once 
Sea- land,  fhould  come  to  be  fo  quite  dcferted  and  forfaken  of  the  Sea, 
as  it  is  at  this  Day  -,  the  Sea  not  approaching  by  fo  many,  a  dozen 
Miles,  or  more  ? 

4.  By  what  Means  the  Sea,  once  having  its  "Plky  there,  this  Creature 
comes  to  lodge,  and  be  found  fo  deep  in  the  Ground,  and  under  fuch  a 
Ihelving  Bank  ? 

I.  As  for  the  firft  (the  Place's  Capacity  and  Aptitude  for  the  Sea's 
Influx  or  Infinuation)  fuch  as  know  the  Situation,  withal,  cannot  but 
know,  and  muft  agree  it  to  be  fo.*  As  for  Strangers,  and  fuch  as  are  un- 
acquainted with  the  Place,  they  are  to  be  informed,  that  the  Place  (the 
kcus  loci)  we  are  upon,  is  a  Part  of  that  wide,  fair,  and  fruitful  Level, 
or  Valley,  extending  itfelf  not  lefs  than  twenty  Miles  in  Length,  be- 
tween a  continued  Series  and  Range  of  Hills,  Downs,  or  high  Grounds, 
lying  at  a  pretty  Diftance  each  from  other  all  the  Way  •,  beginning  at 
the  Eaft  Kentijh  Shore,  and  ftretching  itfelf  Weftward  by  Sandwich^ 
Fordwichy  Canterbury^  Chart ham^  Cbilbam^  Godmerfhanty  WyCy  AJhford^ 
fometimes  in  a  direft,  fometimes  in  a  winding  Courfe,  as  far  at  length, 
as  to  that  famous  fpacious  Level  of  Rtmney-marfl)  \  and  it  is  walh'd  and 
water'd  all  along,  at  leaft  from  about  'AJhford^  by  a  fweet  and  pleafant 
River  running  through  the  midft  of  it,  as  far  as  to  Sandwich^  and  there' 
by  the  Creek,  or  Haven,  emptying  itfelf  into  the  Sea ;  Nothing  at  all 
of  Obftruftion,  by  the  Interpofition  of  Hills,  or  high  Grounds,  hin- 
dering or  controlling  the  Sea's  free  Play  and  Paffage  for  fo  many  Miles 
together.  The  Place  then,  with  the  Parts,  the  Traft  above  and  below 
'  it,  from  the  Condition  or  Conftitution  of  it,  is  plainly  not  unapt  or  un- 
capable  of  the  Sea's  Infinuation  and  Influence. 
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If  .any  ihall  objeft*  Canterbury' %  being  in  the  Way,  as  ar»  Obftry^aioo 
or  Bar  i  they  are  eafily  enough  anfwerM.  For  although  that  City  feems : 
(an4  indeed  is  at  this  Day)  for  the  moft  part  fomewhat  elevated  above 
the  Pitch  of  the  reft  of  the  Valley  or  Level  we  are  upon  ;  yet  not  fo 
i^uch  as  to  defend  itfelf  many  times  frpm  Floods  and  Overflowing?,  in 
the  lower,  and  moft  depreffed  Parts  of  it,  even  by  the  Spripgs  it  ftands 
upon;  towards  the  helping  whereof,  by  the  Care  and  Providence  of 
former  Ages,  it  is  very  certain,  and  by  difgging  Wells,  Vaults,  Cellars^ 
and  the  like,  daily  experimented,  that  the  moft  Part  of  the  City,  not 
cjccepting  the  very  Heart  and  Center  of  it,  is  made  and  raifed  Ground : 
The  Tokens  of  Foundations  upon  Foundations,  to  a  very  confidcrable 
Depth,  d^Iy  appearing,  and  the  Ground  (as  at  Amjierdam^  Venice^  and 
clfewhcrc)  for  Aipporting  Superftruftures,  in  feveral  Places  often  ftuck 
and  fluffed  with  Piles  of  Wood,  or  long  Poles  and  Stakes,  forced  into 
the  Ground,  as  Wells  and  Cellar-diggers  have  informed  me.  And,  as 
if,  where  npw  the  Bull-ftake  Market-place  is  kept,  the  River  had  fome- 
time  had  its  Courfe  or  Current,  Pits,  and  other  like  Tanner's  Utenfils, 
have,  not  many  Years  fuice,  been  met  withal  in  digging  for  Cellars 
thereabouts.  To  thi$  let  me  add,  that  my  next  Neighbour  in  Cafilejhreet^ 
vithin  thefe  thirty  Years  finking  a  Cellar,  did  a  good  Depth  (five  or  fix 
Feet  deep)  light  upon,  and  was  put  to  fome  Stop  and  Stand  in  his  Work 
by,,  a  ftroBg,  and  v^ll-couched  arched  Piece  of  Roman  Tile  or  Brick, 
vhicb  he  was  fain  to  take,,  or  break  afunder,  and  remove,  before  he 
could  proceed.  However,  then  Canterbury  may  now  feem  to  ftajid  in 
the  jEftHary*%  Way>  yet  Time  was,  when  in  Probability  it  did  not ;  . 
when^.  I  mean,,  the  Phce^  the  Soil,,  which  now  the  City  occupies,  as  thcr 
reft  of  the  whole  Valley  both  above  and  below  it^  was  of  too  low  a.Pitcb. 
to  be  aa  Obftacle  to  it. 

As  ta  the  fccond  Enquiry,,  (whether  probably  the  Sea  did  evera(^u- 

'  ally  infinuate  itfelf  fo  £ar  as  to  this  Place,  and  when)  the  Anfwer  is  not 
fo  eafy  :  Recor4  of  it,  we  have  none.    Tl>e  beft  and  eldeft  Account  wc 
have  now  of  the  Condition,^.  Site,  and  Conftitution,  of  thefe  our  Eaftern- 
Parts,  and,  Traft^  we  owe  io  Julius  Cafar,.  and  the  Romans  after  bim  ^ 

^  from  whom  wc  have  not  the  leaft  H^int  of  any  fuch  Thing,,  but  rathec 
the  contrary  j  both  the  Sea-coaft  and  Inland  Parts,  by  his  and  their  Re- 
lation, bearing  in.  a  manner  one  and  the  fame  Face  and  Figure  then,  as 
now.  However,  that  the  Level  we  are  upon,.was  fometime  ^njEfiuary^ . 
or  Arm  of  the  Sea,,  feveral  GrtV^o,  or  Tokens  are  not  wanting:  For 
Example,  befides  what  may  be  argued  and  inferred  from  this  Parcel  of: 

1  ftrange  Teeth  and  Bones  now  under  Confideration;  much  (as  I  con- 
ceive) there  is  of  Probability  for  it,  refulting  from  pur  River's  Name 
of  Stoure  more  anciently,  not  feldonx  both  called  and  written  ,/l^«r,. 
Mfitire?  &G.  which  I  doubt  not.  to  proceed  and  come  from  the  Latin 
jEfiuariufttj  and  in  procefs  of  Time  to  have  been  corrupted  and  coiv- 
trafted  into  Sture  and  Stoure  ^  giving  Name  in  part  to  Stourmmb^  a  Place 

about 
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>ut  fix  Miles  Eaft ward  from  Cani$rbury ;  fo  called  from  the  Riveras 
^mboguing  there  into  the  Sea  or  Salt-water  flowing  up  thither,  as  alfo 
ingName  to  the  Manor  of  the  Archbilhop's,  at  this  Day,-  and  for 
fie  Ages  pait  called  JVeftgate-Courtj  at  Canierbury  \  but  more  ancient- 
as  in  the  Conqueror's  Time,  (witnefs  Domefday  Book)  called  the 
inor  of  EJlure  and  Efiunfate^  from  its  Situation  by  the  Sture  or  St9ure. 
)m  which  Occafion,  doubtlefs,  the  late  Lord  Fincb\  Seat  in  ■  ■ 
)\xt  five  or  fix  Miles  nearer  to  the  Spring- Head,  at  this  Day  vulgarly 
fcalled  Ea^-Sttwardy  is  of  old  fometimes  called  Efiurty  fometimc£/ 
Y.  From  Saxon  Monuments  and  Records  I  could  cafily  trace  the 
me  up  to  a  very  high  Date,  by  many  Examples. 
But  to  proceed  to  other  Criieriai  as  by  the  Teeth  and  Bones  now 
ier  Confideration,  we  have  an  Inftance  on  that  Side  of  the  Valley  for 
Probability  of  the  Sea's  quondam  Occupation  of  it;  fo  I  (hall  give 
e  another  no  lefs  remarkable  from  the  other,  or  oppofite  fide  of  it. 
credible  Relation,  then,  at  a  Place  called  fp^eiftercj  an  obfcure  Vil- 
e  about  three  Miles  from  Canterbury^  Eaftward,  lying  under  the  Brow 
the  Hill  ftretching  out  by  UpftreetCj  as  far  as  to  the  Weft-end  of  Sarr- 
lly  by  which  you  make  your  Entrance  into  Tbanet^  upon  the  like 
cafion  to  that  here  at  Cbartbamy  (the  digging  or  finking  of  a  Well) 
a  very  great  Depth,  (tore  of  Oyfters  and  other-like  Shells,  together 
:h  an  Iron  Anchor,  firm  and  unimpaired,  were  found  and  turned  up 
our  Time.  The  like  I  have  been  told  of  an  Anchor  in  our  Days, 
;ged  up  at  Broomedowne^  on  the  fame  fide  of  the  Level,  fomewhat 
)ve  Ca^iterhury^  Weftward. 

As  to  the  third  Query,  how  in  Probability,  and  when  this  Valley  or- 
vcl,  being  once  Sea-land,  fhould  come  to  be  fo  quite  deferred,  and 
faken  of  the  Sea,  as  it  is  at  this  Day,  the  Sea  not  approaching  it  by  fo 
jiy,.a  dozen  Miles^  or  more  ?  In  Anfwer  whereof,  I  muft  needs  fay 
I  grant,  that  in  cafe  this  Level  were  once  Sea,  an  JEJiuary  I  mean. 
Arm  of  it  ^  fo  very  long  it  was  ago,  as  we  may  not  reafon^bly  think, 
t  Canterbury  (whether  as  a  City,  or  never  fo  mean  z-Pagus^  or  Village) 
>  then  in  rerum  natura^  or  a  Place  inhabited ;  which  haply  it  may 
t,  been,  if  not  as  long  as  Julius  Cafat^s  Days,  yet  undoubtedly  not 
g  after.    For  an  Account  we  have  of  it  (as  of  fomc  other  Places  in 
t) in  the RomansT'imt^  from  Ptohmy^  Jntomnus^^ Itinerary ^  and  elfe- 
itt.     Now  elder  Records,  either  of  Kitnty  or  of  Britain^  that  wc 
^  confide  in  as  authentic,  we  have  none,  that!  know  of,  before  the 
nans  Time.     We  muft  either,  therefore,  throw  ofi^-  all  further  Inqui«i 
or  elfe  caft,abotft  for  Informatioa  as  we  can.     Such  as  are  for  this 
br,  will  tell  you,  that  the  World  is  very  aged,  mtany  tboufand  Years 
;.and  that  many  and  manifold  are  the  Alterations  which  Time  hadi 
le  in  feveral  Parts  and  Quarters  of  the  World  \  to  the  Notice  and< 
fiovery  whereof  no  written  Record,  or  unwritten  Tradition  at  this> 
\  can  reach  or  dired  us  :  Tradition  itfelf  (longer  liv'd  nfuny  times 
I  any  written  Evidence)  failing  u«  for  Age.    Of  fuch  a  Nature  they 
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conceive  may  this  of  the  jEftuary  be,  fo  very  ancient,  as  Time  hah 
quite  worn  out  the  Memory  of  it ;  and  that  the  Reafon  of  the  Sea's 
Recefs  here,  with  an  abfolute  Valediftion  to  the  Place  of  its  wonted 
Refort,  was  its  brcalcing,  burfting,  and  cleaving  afunder,  that  ^bams^ 
or  Neck  of  Land,  between  GavJ  and  Britain^  rendering  the  latter  ot 
the  fame  Continent  with  the  former :  Such  Things  ('tis  certain)  ha?c 
happened  elfewherc.     Thus  (fays  Seneca)  hath  the  Sea  rent  Spain  from 
the  Continent  of  Africk.     Thus  (as  he  adds)  by  Deucdioffs  Flood  was 
Sicily  cut  from  Italy.    More  Inftanccs  of  this  Kind  may  be  found  in  Mr. 
CamtJen's  Cantium^  and  elfewhere.     And  although  there  be  no  certain 
Evidence  of  fuch  an  Accident  here,  from  ancient  Hiftorians  or  Geogca,- 
phen,  yet  is  the  Thing  fo  ftrongly  and  rationally  argued,  by  him  efpc- 
cially,  as  by  Verjiegan  alfo,  Twine^  and  others  before  him ;  and  the  Con- 
jcfture  backM  with  fuch  Plenty  of  probable  Criteria^  by  the  former,  that 
I  cannot  but  be  of  that  Opinion ;  efpccially,  when  to  the  Plenty  of  Ar- 
guments mufter'd  up  by  Mr.  Cambden^  I  (hall  have  contributed  this  one, 
by  him  and  the  reft  omitted  ;  which  is,  that  by  a  received  conHant  Tra- 
dition, RomneyMarJh^  that  large  and  fpacious  Level,  containing  (faith 
Mr.  Cambden)  fourteen  Miles  in  Length,  and  eight  in  Breadth,  was 
fometime  Sea-Land,  lying  wholly  under  Salt-water.     And  if  I  may 
guefs  at  the  Time  and  Occafion  of  both  that,  and  our  Canterbury  LevePs 
Recovery  from  the  Sea,  I  ftiall  be  apt  to  pitch  upon  that  of  the  Sea's 
brcakmg  through,  and  in  Time  working  and  wafhing  away  that  Jfibmui 
between  us  and  France.     And  then,  whereas  beforetime  Ramney  Levd 
(which  had  and  bath  its  Stoures  too,  or  jEftuaria  as  well  as  ours)  and  this 
other  not  improbably  (no  high  Lands,  as  we  fee,  interpofing  or  im- 
peding their  Conjunftion)  were  but  one  and  the  fame  Level,  and  lay 
vinder  the  Sea ;  now  both  the  one  and  the  other  (the  Sea  having  fo  much 
more  Play  and  Elbow-room,  than  formerly,  by  cleaving  afunder  tic 
Ifthmus)  were  refcued  from  it,  and  of  an  Mfiuary  became  fych  a  rid 
and  noble  Valley  or  Level,  as  is  fecond  to  none  in  England, 

And  if  from  hence  any  one  (hall  take  an  Hint,  to  confider  of  the  ifr 
tberlands  or  Low  Countries^  and  enquire  whether  thofe  in  whole,  or  in 
part,  may  not  have  arifen  out  of,  and  conjefturally  alfigncd  for  oiff 
Kentijh  Lowlands,  I  Ihould  not  at  all  wonder  at  it. 

As  to  the  fourth  Query,  by  what  Means  the  Sea  once  having  its  Flay 
there  (at  Cbartbam)  this  Creature  comes  to  lie  and  be  found  fo  deep  in 
the  Ground,  and  under  fuch  a  (helving  Bank  ?  My  Anfwer  is.  That 
fiippofing  this  with  the  reft  of  the  Level  or  Valley  once  occupied  by 
the^ea,  or  Salt-water ;  that  being  a  Creature  which  by  Fluxes  and 
Refluxes  always  is  in  Motion,  and  thereby  in  Time  beating  upon,  aad 
working  itfelf  into  the  Bapk,  or  rifing  Ground  there,  might  at  length 
io  far  undermine,  eat  into,  and  loofcn  it,  as  to  fetch  down  lb  mucfc 
Mould  tor  Earth  upon,-  or  over  the  Place,  as  to  lodge  the  Creature  at 
fo  great  a  Depth.  Or  clfe  perhaps,  the  continual  Agitation  of  tk 
Water  might  in  Time  force,  drive  up,  and  caft  over  it  that  great  Quan- 
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tky  of  Oofe,  Earth,  and  other  Matter,  under  which  it  lay.  By  the 
way,  it  is  obferved,  that  the  Nature  of  the  Soil  here  and  thei:e  is  fuch, 
£6  loofe,  fupple,  rotten  and  fandy,.  that  mcerly  of  itfclf,  it  is  apt  to 
fink,  and  fall  in  ;  as  was  lately  experienced  by  a  Saw-pit  digg'd  hard 
by,  which  after  a  little  Time^  by  the  Earth's  giving  way  on  each  Side 
of  it,  fell  in,  and  fiU'd  up  itfelf.  . 

Fig.  26,  2  7.  Riprefent  two  of  the  Teeth  above  mentioned.  Kg.  26, 27. 

2,]  Mr.  Somner  is  of  Opinion,  (with  Mr.  Cdmhdeny  and  other  Anti-  -—ontbefame^. 
quaries)  That  is  highly   probable   (if   not  abfolutcly  ceruin)    that^^''-J-^^" 
France  and  England  (or  Gaul  and  Britain)  were  anciently  joined  by  an  ^' "*  ^^^'  ^* 
JftbmuSj  or  Neck  of  Land,  where  now  is  the  narrow  Paflage  between 
Dover  and  Calais :  Which,  many  Ages  fince  (beyond  the  reach  of  any 
Hiftory  now  exunt)  was  (by  the  Seas  violently  beating  upon  it  on  both 
Sides)  worn  away,  or  broken  through.     Whereby,  what  was  once  an 
Ifibmus^  is  now  become  a  Fretum  or  narrow  Sea. 

Mr.  Cambden  is  his  Britannia  (in  that  Chapter  where  he  treats  of  Kent^ 
or  Cantium)  gives  us  many  cogent  Arguments,  which,,  if  taken  all  to- 
gether, feem  to  me  a  convincing  Evidence,  that  there  had  once  been 
fuch  a  Conjunftion  ;  but  not  for  many  Ages  now  paft. 

To  which  I  may  add  one  more  (of  which  Mr.  Cambden  takes  no  no- 
tice in  this  Place)  from  the  Unity  of  Language  between  the  ancient  Gauls 
and  Britons  •,  and  from  the  great  Intcrcourfe  between  thofc  in  Gaul^  and 
the  Druides  in  Britain  (of  which  ancient  Writers  take  notice :)  which, 
is  not  likely  to  have  been,  if  there  had  not  been  an  eafy  Communica^ 
tion  between  the  one  and  the  other.  Which,  though  it  be  not  a  PJby^ 
Jical  Argument  (as  are  thofe  of  Mr.  Cambden)  is  a  good  Moral  Induce- 
ment, in  Confirmation  of  them. 

To  thofe  Arguments  of  Mr.  Cambden^  Mr.  Somner  adds  anodier,  a 
Parcel  offtrange  andmonftrous  ^eetb  and  Bones^  which  (in  the  Month  of 
September  1688.)  upon  digging  a  Well  in  the  Parifh  of  Chart  bam  (about 
three  Miles  Southward  from  Canterbury)  in  the  Land  of  Mr.  John  Som- 
ner^  were  found  at  the  Depth  of  feventeen  Feet  under  Ground.  Which- 
Bones  and  Teeth  (from  the  Figure  and  Greatnefs  of  them,,  and  from 
the  Condition  of  the  Earth  wherein  they  were  found)  he  judgeth  to 
have  been  the  Remainders  oi  iomt  Hippopotamus^  or  other  laxgt  Marine- 
Animal,  which  (many  Ages  (ince)  had  perifhed  there  ^  which  hath 
fince  been   covered  with  this  Depth  of  Earth., 

This  Chartbam  he  obferves  to  lie  about  the  middle  of  a  large  rich. 
Valley,  for  about  twenty  Miles  or  more  in  Length,  and  of  a  confider- 
able  Breadth ;  having  on  each  Side  of  it,  at  a  confiderable  Diftance,  a, 
long  Traft  of  Hills,  or  high  Grounds.  Through  which  Valley,  there 
now  runs  the  River  Sture^  Stoure^  or  Efiure^  for  twenty  Miles  or  more, 
by  AJhfordy  fVye^  Godmerjham^  Chilbam^,  Chartbam^  Canterbury y  Ford-- 
vrichy  and  fo  to  Sandwich^  where  it  difcharges  itfelf  into  the  Sea. 

This 
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This  long  and  large  Vale,  (from  the  Situation  of  the  Place,  the  Na- 1 
ture  of  the  Soil,  and  the  Remains  of  this  Marine  Animal,  lodgad  heit 
at  fo  great  a  Depth  under  Ground)  he  judgeth  to  hare  been  (in  former 
Ages)  an  jEftuarium^  or  Arm  of  the  Sea,  into  which  the  Sea,  (being 
flopped  by  the  Ifibmus^  which  then  joined  France  and  Etigland^  from 
the  Courfe  which  now  it  takes)  did  difcharge  itfclf ;  which,  in  Procels 
of  Time,  being  filled  up,  (partly  by  the  Earth,  Sand,  Oofe  or  other 
Matter  brought  in  by  the  Sea,  and  lodged  there,  partly  by  the  Eardi 
walhed  down,  or  falling  upon  it  from  the  Hills  on  both  Sides) 
reduced  to  the  State  we  now  fee. 

Let  us  then  confider,  what  muft  have  been,  if  this  Hypothefis  be 
true  5  and  how  it  agrees  with  what  we  fee. 

Firft,  if  fuch  an  yibmus  had  once  been,  where  now  is  the  Pafs  be- 
tween Dover  and  CaUiSy  the  great  Sbas  on  both  Sides  muft  continually 
beat  upon  it  with  a  fierce  impetuous  Tide,  twice  in  four  and  twenty 
Hours.  The  Northern  Sea  between  tis  and  Holland  (called  Oceamu 
<jermanicus)  on  the  Eaftem  Side ;  and  the  Weftern  Sea  between  Ua 
and  France  (called  Oceanus  Brit  amicus)  on  the  Weftern  Side,  Which  (in 
Procefs  of  Time)  may  well  be  fuppofed  likely  enough  to  wear  away^ 
or  break  through  a  narrow  Iftbmus. 

The  Weftern  Tide  coming  in  fiercely  between  Us  and  France^  fret- 
ting on  the  Coaft  on  both  Sides,  muft  needs  be  fuppofed  to  bring  with 
it  a  great  deal  of  Earth,  Sand  or  Mud.  But,  being  ftopped  in  ita 
Current  by  this  Iftbmus^  did  not  depofit  it  (as  might  be  thought)  on  the 
Side  of  it,  (which  might  ftrengthen  it)  but  found  an  Opportunity  of 
difcharging  itfelf  on  the  fpacious  Level  of  Rornn^-Marfi) ;  (which,  as 
C^m^im  tells  us,  \s  fourteen  Miles  in  Ungtb^  and  eigbt  in  breadib)  frtc- 
ting  that  Iftbmus  as  it  comes  along ;  and  then  (at  ftanding  Water,  a- 
bout  the  Tide*^  Recefs)  letting  it  fall  on  that  Level,  and  lodging  it 
there :  But  then  again,  firetting  that  Iftbhmsy  and  the  Coaft  all  along, 
as  the  Tide  returns,  with  a  like  Force  as  it  came  in.  Which  gives  us 
a  fair  Account,  both  how  that  Iftbmus  might  be  wafhed  away,  and 
•how  that  Level  might  be  raifed  to  that  Height  it  now  is.  For  no  Man 
can  doubt  (who  doth  well  know  the  Situation  of  the  Place,  and  the 
Nature  of  the  Soil)  but  that  all  that  Level  had  heretofore  been  Sea. 
And,  even  at  this  Day,  it  lies  fo  much  lower  thati  the  Surface  of  the 
Sea  at  Hi^- Water,  that  it  would  (much  of  it)  be  overflowed  crtij 
Tide,  if  not  defended  (at  a  vaft  Charge)  by  Dim-cburcb  WaU,  for 
many  Miles  together. 

Whether  it  had  a  like  Opportunity  of  fuch  an  Indraught  (and  in 
"What  Proportion)  on  the  Frencb  Coaft,  I  cannot  tell.  But,  that  this 
is  the  Condition  oi  Rpmney-Mmp^  no  Man  doubts. 

The  Nortbem  Sea  (between  us  and  Holland)  muft,  in  like  Manner, 
have  beat  on  the  Eaft  Side  of  that  I/tbmus  with  a  like  impetuous  Tide, 
twice  in  four  and  twenty  Hours.  But,  being  there  ftopped  in  its  Courfe, 
would  have  the  lil^  Opportunity  of  difcharging  itfclf  on  the  Coaft  of 

Holland^ 
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fllrf&«i/,  (aidw  Wcfterh  Sea  cin  iZflfi^  Wheoce  it  is,  that 

I  Holland  and  Zemland^  which  (by  the  Confent  of  all)  is  judged  to  have 
J  been  once  Sea,  is  now  raifed  thirty  or  forty  Feet  l^ighcr  than  it  had 
J     once  been- 

^         And  the  fame  Nuribim  Sea,  whidi  (on  this  Account)  hath  fo  large 
^     an  Inlet  (Eaftward)  on  the  Coaft  of  Holland  ;  would  (Weft ward)  infi- 
J     ouate  itfelf  likewife  on  the  Engli/b  C^aft,  where-cvel'  it  might  find  low 
^     Grounds.    Which  is  the  Cafe  of  this  Valley,,  whirc  now  runs  the 
I     River  Sture^  Stmtre  or  Efture   (whSch  Name  it  Is  foppofed  to  have 
taken  from  the  Corruption  of.^ftuartum)  for  more  than  twenty  Miles  ; 
(and  nothing  appears  why  we  ihould  not  think  it  had  fo  done ;)  enter- 
ing at  the  low  Grounds  near  Sandwich  (clofe  by  that  ^bmus)  and  run- 
I      ning  up  that  Level  (by  Canterbury^  Cbartbamy  Chilbam^  and  fo  forth)  as 
far  2&4fhfordy  or  farther,  which  Valley  had.  once,  been  much,  deeper 
than  now  it  is.    For^  it  Teems,  that  even  at  Chartbam  (which  is  now 
twelve  Miles  fropi  the  Sea)  the  Ground  is  raifrd  at  leaft  feventeen 
Feet;  and  the  Soil,  at  that  Depth,  found  to  be  of  a  like  Condition, 
as  where  the  Sea  is  known  to  have  been  \  and  nearer  to  the  Sea,  it  may 
well  be  prefumed  to  have  been  yet  deeper.    Which  is  confirmed  by  the 
Reliques  of  this  Marine  Animal  there  found  ;  and   by  Anchors,  and 
Shells  of  Fiihes,  found  elfewhere  in  the  Borders  of  this  Valley,  at  a 
great  Depth  under  Ground.     .. 

Now,  that  the  Sea  may  thus  raife  the  Ground  on  fuch  In-draughts, 
by  Sand,  Earth  and  Mud,  brought  in  and  lodged  there  at  every  Tide, 
is  not  at  all  unlikely  :  For  we  &e  the  fame  at  thi3  Day.  Particularly, 
in  the  Ifle  of  Oxnef  (near  adjoining  to  Ramnty^Marfb)  there  was  a  low 
Level,  oft  in  Danger  of  being  overflowed  by  the  KvitvRetb&r :  But, 
fomewh^  more  tlon  throefcore  Years  zigp^  the.Sea  being  let  in,  hath 
raifed  that  Level  very  confiderahly ;  by  bringing  in,  and  lodging  there 
a  confiderable  deal  of  Earth  and  Mud  every  Tide :  But  Withal,  it  hath 
fo  fretted  the  Channel,  by  which  it  enters  and  goes  out  again,  that  the 
Channel  by  Bye^  which  (within  my  Memory)  was  fo  ihallow  near 
what  was  call'd  JCmZ-Bridge,  that  Men  were  wont^  to  ride  through 
it ;  but  now  (by  the  Tide's  entering  and  returning)  that  Bridge  is  long 
fince  fwallowed  up,  and  the  Channel  become  fo  broad  and  deep,  that 
a  Vel&l  of  good  Burden  might  ride  there  at  Anchor.  A  fit  Refem- 
blance  of  the  Sea's  fretting  this  ^bmus^  and  filling  up  the  ^Jiuari^s  on 
both  Sides  of  it. 

The  like,  in  good  Meafure,  is  to  be  feen  at  (what  they  call)  the  Dog- 
ger SandSy  which  is  a  Bank  of  Sands  lying  (obUquely)  from  about  the 
Coaft  of  Norfolk  toward  the  Coaft  of  Zealand^  or  North-part  of  Hol^ 
land^  which  is  the  Place  whew  the  Northern  and  Wcftern  Tides  (fince 
the  Rupture  of  the  Iftbmus)  do  now  meet ;  and  do  there  (at  ftill  Wa- 
ter, for  about  half  an  Hour  or  more,  or  at  the  turning  of  the  Tide) 
depofit  the  Mud  and  Sand,  which  (byi  their  rapid  Motion)  is  both 
Ways  brought  thither.  Which  is.  fupppfcd  to  be  the  trw  Caofe  of 
Vol.  IV.    Part  II.  4  X  that 
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that  fandy  Bank.  Whether  this  m  TnoEt  of  Time  mwf  tfattefiMmt 
new  Ifthmus^  (if  the  ^ortd  laft  long  enough)  i  cuaaoL  £aLj^  hut  I  jm 
apt  to  think  that  the  former  JjUbmus^  if  the  Tidea  had  ftopped  thatv 
and  had  not  found  thofe  In-draughts,  on  which  to  lodge  what  ic  waftoi 
from  thence,  might  have  continued,  and  been  more  ifaRo^gdiaied,  hj 
what  (upon  the  Ketuni  of  die  Tide)  woxrid  dailf  foe  lodged  there. 

And  upon  thia  Account  (I  think)  it  is,  that  die  I/i^ms  at  OrM, 
though  teat  upon  by  two  Seas  (which  gave  it  the  Name  ofBimarisCo- 
rintbus)  is  not  thereby  deftroyed :  becaufe  there  are  not  fiicfa  Tides  to 
wafli  it  away,  nor  fuch  In-draughts,  00  which  to  lodge  wiiat  fhould 
be  walhed  from  thence. 

But  the  Ca(e  is  much  otfaerwife  wkh  this  Iftbnms  of  ours  ;  where  are 
all  Things  to  countenance  this  Hypothefis.  The  deep  Clifis  at  Denxfy 
and  thofe  at  Calais^  anfwering  dire^ly  the  one  to  the  other  ^  and  ap- 
pearing to  View,  as  if  that  between  them  had  been  violently  tarn  away. 
And  the  Sea  between  them  (even  at  diis  Day)  being  much  ihaijowcr 
at  that  Place  than  on  either  Side  of  it  (as  Cambden  doth  well  (ri>ferve) 
which  are  ftrong  Prefumptions,  that  dicre  had  been  formedy  Hack  a 
Conjunftion. 

The  greateli:  Doubt  in  this  Cafe  is,  diae  there  is  no  Hiftory  excaot, 
which  takes  notice  of  fiich  an  J^tbmMSj  or  fuch  a  Rupktrtj  in  this  Pface, 
which  being  a  Thing  remarkable,  might  have  been  thought  worthy  to 
be  reported. 

Whk:h  yet  need  not  be  tbou^  very  ftcange,  coofidering  that  we 
have  no  particular  Account  of  the  £n/^  Coaft  (whick  might  determiae 
this  Queftion)  older  than  the  Romaws  Accels  hither  with  JmHus  Cufpnr: 
Whereas  this  might  happened  many  Hundred  of  Years  befoce  that 
Time,  when  though  die  fiHaad  might  foe  knowo^  yet  not  the  pM^^^'^y 
Coaftings  of  it  to  the  Greeks  or  Latins. 

But  I  have  this  farther  to  fay ;  Plato  tA\t.m  a  Sfioiy  (as  of  aTUag 
which  happened  feme  Ages  before  hisiTxtne,  and  whidt  at  diat  Tick 
was  in  a  manner  generally  forgottsn)  of  an  Ifland  famcwheie  ih  the 
Mantick  Ocean,  whidk  by  a  Dduge  and  Earthquake  (in.  d>e  Qfoat  d' 
a  Night  and  a  Day)  was  deftroyed  and  Arallowed  tip  by  tbe  Sea:; 
whereby  tha«  Sea  (^imerly  navigabie)  was  fsr  fmneTime  become  im* 
navigable  or  unikfe,  by  keafon*  of  the  Mud  and  Rdixpies  of  cfat 
abforbed  Uland^  Tbo  Words  of  J^d/i^  (as  tranOated in^dsny  ^qpbm^ 
Edition,  p.  25.). runs  thus;  Pofi  autern^  qmm  diluviorMm  ^nar^wm^ 
tuum  intmpmes  iKtiHffffiy  unius  noOis  iS  iip^Jptsth^  immUlid  iJBe^inm 
hcminum  gekus  in  tiPPim-abJhfftim  fm€^  klofoe  etimn  Atkmtka  ImfuU 
HhrXwrig  vw®<*)  maris  fh$Sihus  fbmt  dhwlutA  d^ffumii^  nndi^  Obtd 
mare  traj^ifu  Sffieiie  efi^  q$um  kuum  adbwa  yccfiafim  Inftd^.  i^jtius  rsmm^ 
frrit. 

Which  ieems  t4>  me  t^ry  applicable  to  the  Rtiptone  of  this  J^knms: 
Whereby  this  Ifland  was  not  indeed  wholly  deftroycd,  bat  was  bordtco 
o6f  from  thcCtatlAeAt^  to  wh»ch:it  was  before  uoidcd:    iknd,  apim 

fcch 
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(^m  Accidqiith  'thehStt  iw^  Aceds  be  diiturbGd^  and  put  out  of  its 

I     ^vrfc>  a»A  K5nd(CF*4.w(afe.  for  Pftff^jgpi^  before  it  came  again  to  be  fee- 

e     ^ed.    For  thougbr  t]M}:fir(|  grg^h -migh^  be  ^nadc  in  the  Space  of  one 

\     JJigfet  ax)d  Pay^  wc  caanot  fuBpoft  the.  whole  Bulk  of  it,  when  once 

f     broken,  was  prefently  carried  fmooth.away;;  but  firft  the  Top  or  upper 

PJirt  9?  it  (in  atJ^.^nd  Night'3  Time)  and  ^erwards  the  lower  Parts 

of  it  by  Degrees.     Which  wou^^render  that  .Sea,  if  not  quite  unpal- 

fable,  at  leafl;  troubjefom^  and  unf^e. 

And  if  in  Homt  Circumftance.tbia  Narration  chance  to  differ  from 
the  Matter  of  Faft,.  a^  calling  tlje  Rupture  of  fhjs  J^bmus  the  Stdverfion 
of  »n,j{iS«^,  this  Jti^ft  be  alltiwed  ii>  th^Narr^iVa  of  an  old  J'radi^ion 
from  Hand  to  Hand  :  For  as  fiichit  is  there  bfovight  in. 

For  PAj/^'doch  ttece  intfDdu<;€  Crifias  (thep  an  ancient  Man)  telling 

4.8wryt.  Jwhidi.  (whcD  a  Boy  of  te^  Years  oldJ-^heJ^d  heard  from  his. 

Grandfather  (who  was  ninety  Years  pf  Afi^);  qf  w^i;  Sof^t  (long  fincc 

infil-i^tpHhiiSt}  fUKnely*  that  an4£^/^/^Friefi:had  (long; before) 

tqU/Soh^  th§f,  tt.did  appear  from  fome  oic^r^^jj^Mir  Records  (of 

wbi^'5ie  Gnr^had  flP  Knawkdg^)  (h^  fucha  Thing  had  happen.'d 

ip  an  /Age  iblQ^g  before  as  in  comparifon  of  \vhkhJbe  Greeks  uftre  but 

4^Ckikte».  ,  AliS'^Jirtht^  Trwiitipft.-.XthrpugJirfQ  B^^ny  Hands,  .an4  at 

fuc;h;grfat  Intervals  of  Time)  is,  at  every  Step,  reported  from  the  Jle- 

toftar's  prefent  Memory,     Aotd  •tisi.vefy  ;pofliblei  that  foipe  one  or  other 

Vf  tjhefe  ReUtqrs  might  (o  far  mi^ke,  or  mifremember,  as  to  call  that 

ADiffoluiianot  pifafpfi4a^mcfi,Q(  an  Ifland  (n^i^ri^n)  which  was  but  a 

yV^iflg  itfiwi  tbi  C§Hiiftenk  ,■ 

It  ferves,  however,  to  the  prefent  Purpofe,  if  at  leaft  fo  much  of  the 
Sftoiry  be  xntj.tb^fUng  hef<^^  PJaw'^  ^ime^  there  bad  been  fam  fuc^  Dif- 
Jokkm.or  Mnpttere  iff  an  I^  or  J^bmus,  /omewbere  in  the  Atlantick  Of ^^iti 
ithM  i$>  in  the  Northern  Sea)  of  nMch  there  werefome  Symptoms  yet  re- 
maimng  in  PlaCoV  Time.  For,  this  being  admitted,  it  is  as  applicable 
fa  the  prefent  Cafe  (as  to  any  .we  know)  of  which  there  are  fo  .many 
Symptoms  yet  remawng  to  this  Day. 

.  Iknow  that  Rudkeek  in  his  Jtlantica^  Cap.  7.  Sed:.  8.  pag.  293.  dpth 
endeavour  (in  Favour  of  his  Sueonia)  to  put  an  allegorical  Senfe  upon 
tJiis  whole  P^fi^     . 

.  Bisc  I.  ite  not  why  it  may  not  be  underftood  in  a  plain  literal  Serife,  as 
fi  true  Matter  of  Fa^l:,  (though  perhaps  a  little  dUguifed,  as  was  wont 
ta  be  the  Fafliioa  in  that  Age  ia  reladng  old  Stories)  and  is  very  con^ 
lifteiu  .with  all  that  Rudbeek  cites  out  of  Plato^^  in  that  whole  feventh 
CbmptM  f^  histJilantiea. .  .    l  .- 

..For  the  N^nae  of  the  Atlfintick  Sea  (wherein  this  Ifland  is  faid  to 
b€),  was  not  then  (nor  is  now)  confined  to  the  Coafl  of  Sweden^  but 
extended  as  far  as.  the/£n^^  Iflapd,  and  much  farther.  And  when 
JRjfdk^ck  tells  us  out  of  Plato^  that  the.  whole  Atlantica  was  as  big  as 
JLibya  and  ^a  (which  wbctber  meant  of  Atber  of  tbem  fuiglyi  as 
Rudbeek  uwicrftwdsji,  or  of  both  together^  as  the  Words  fcem  to  im- 

4X2'^"  port. 


232.  Strange  Bonis  found  under  Ground,  and  of 

port,  <S/A<t  hi^la.%  Ksu  ^Atrlag'fjLG^tfv^'  I  will  not  coiifeefid ;  wc  cannot 
fuppofe  it  to  be  Plato* ^  Meaning,  that  this^  wbdU  R^tm  was  fwallowed 
lip  \  but  rather  fome  fmall  Part  of  it,  from  whence^  pcriiaps  the  whole 
might  take  its  Denomination.  And  though  hetdls  us  ^m  a]x>dier 
Writer,  that  it  wasJfzvDtfyjF^ytf^tf  frointhe  friVi^Utaad,  to  (that  part 
of)  his  Ailantica^  where  for  ibiriy  Disp  togtiher  the  Smdoih  not  Jit  5  this 
hinders  hot,  but  tiiat  the  Britijb  Iflands  may  be  pare  of  the  AHamticklU- 
gion,  though  fo  far  diftant  from  the  utmoft  Northern  Cape  of  it. 

I  know  not  whether  I  may  yet  venture  farther  r  Thi*  Author  tells 
us,  that  this  jEJiudry  (from  Saniwicb  to  Afiyfwrd)  might  perhaps  flow 
fo  much  farther,  as  to  meet  with  that  jEfiuary  on  R&mmy^marp^  and 
(both  being  conjoined)  become  one  Level. 

There  is,  I  tlunk,  about  three  or  four  Miles  diftanee  between  A^fm-i 
and  the  ne^^  part  of  R^nmey-marjh  :  How  the  intennediite  L4uids  be 
qualified,  I  do  not  well  remember. 

But  if  this  be  admitted,  that  the  two  jEftuaries  (that  i^Stotar^  and 
that  of  Romney-marjb)  in  former  Times  may  thus  have  met ;  tlus  opens 
a  new  Scheme,  of  which  before  we  were  not  aware.  For  then  we  moft 
fay,"  that  the  two  Tides  (that  from  the  North  and  that  from  die  W<ft) 
which  now  meet  at  the  Dogger  Sanis^  did  then  m^t  at  the  Confloence 
of  thefe  tyro  jEftuaries  i  And  then  (as  was  faid  o(  tht  Dogger  Sands) 
bringing,  on  both  Sides,  Earth,  Mud,  and  Sand,  to  this  Place,  and 
lodging  it  there,  might  firft  fonn  an  ^bfftus  thsrej  and,  by  Degrees, 
fill  up  thofe  jEftuaries  on  both  Sides :  In  the  mtetn  while,  'waihing  away 
that  Iftbmus  between  Dover  and  Cdais^  and  opening  a  new  Pafiage  as 
how  Jt  is. 

There  be  riiany  other  Mfiuaries  in  England^  where  the  Sea  now  «• 
ters  a  great  Way  into  the  Land  ;  and  how  far  it  might  have  entered 
farther  in  former  Times,  who  can  tell  ?  As  that  Sea  by  Brifiol  between 
Wales  and  CorTTdjall:  That  of  the  Humber  between  TorJ^ure  and  Lin- 
eclnjhire :  And  we  may  reafonably  think,  that  the  fyafhis  and  the  Fem 
in  Lincoln/hire^  may  have  heretofore  been  Sea,  or  oi^itiowed  by  the 
Sea  at  high  Tides :  And  that  a( 'th^  Thames  (between  Kent  and  j^fcrj 
which  now  flows  (above  London  and  Brentford)  within  a  Mile  of  Ka^ 
Aon  (at  Spring'Tides)  -,  it  may  perhaps  feem  too  daring,  to  think  it 
may  formerly  have  flowed  as  far  asC^fdrd  (between  Shot^over  Hiti  and 
Foxcomk 'Hill)  and  fo  onward  toward  /^tf/ffifr^i^r^  (in  the  Romans  Time 
oAkiGalena)*,  but  there  is  this  to  cottnfienince  it,  that  <if  I  be  not  much 
mifinformed)  there  be  frequently  found  (in  our  StoAe-Quarrics  and 
Gravel-pits)  about  Oxford^  Fifli-fliells,  and  even  the  Bodies  of  Fifli 
petrified,  at  great  Depths  under  Ground.  And  there-  have  been  (no 
doubt)  and  now  are  (in  England)  many  other  MftuarieSf  Creeks,  or 
Arms  of  the  Sea  (entering  a  g<rcat  Way  within  Land)  fome  whereof 
'  may  be  in  a  Manner  filled  up,  and  bec€>^e  firm  Land ;  others  much 
narrower,  Ihallower  and  fliorter,  than  in  former  Times  diey  have  been. 
For  it  is  tlie  Nature  of  jEfiuarics^  where  the  Tides  flow  in,  to  leave 

behind 


fl 


I 


•    W-J/^hmus  bePmun  Dover  oftd  Calais.  23 '^ 

Mind  thraii^  atitheir  RecuitH  much  ofMiid,  OoTc,  orSlcech,  as  they 


^        all  it|  which  doth  in  Time  come,  to  be  firm  lAad. 


I  3O  At  Jfjit^  in  &»r  (which  is  one  of  the  Gnque  Pms)  there  was  --w/.&^famc, 

f       (iiftour  Fathers.  Time)  a  convenient  Harbour  for  fmall  Yeffcla,  which  hf^^  fa»«» 
is  DQW  fwarvtd  up  ;  fevcral  Attempts  have  been  made  to  recover  the  '^*^'  ^  S'^^' 
Harbwr^  but  with  fmall  Succefs.     For  when  (with  great  Labour  and 
Charge)  tbey'have  (in  fonie  Mcrfure)  opened  it,  it  hitlrfooa  been 
filled  up  a^ttfi^  by  what  the  Sea  cafts  up.     And  whoever  confidq^  the 
vaft  (^andtf  of  (what  they  call)  Beacb  ;  that  is,  a  vaft  Multitude  of 
fmall  l()ofe  StOJiea  and  Fifli-Ihells,  caft  up  by  the  Sea  at  Hyfhe^  Lyd^ 
and  elfewhepe^  on .  the  Co^  of  Romney-marjhy   (for  divers  Miles  in 
Length  and  Breadth,  and  to  a  great  Depth)  will  not  think  it  ftraoge» 
that  a  Creik. or  JEfiuary  ihould  come  in  Time  to  be  filled  up,,  and  be- 
come firm  Land.    And  in  many  Places  of  this  Beacby  Ground,  where 
(within  the  Memory  of  Perfons  now  living)  nothing  was  to  be  feen,  but 
fuch  loofe  Stones  and  Shells  (<a.9  great  Depth)  it  comes  (by  Degrees)  to 
be  covered  with  Earth,  and  becomes  Pafture  Ground. 
:   On  the  contrary,  .that  what  was  formerly  Firm-land,  tnay  be  fo  de- 
ftroyed  or  wafhed  away,  as  to  become  Sea,  is  evident  from  (what  they 
call)  tht  Goodwin-Sandsy  on  the  Coafi:  of  £01/,  which  is  faid  to  have 
been  the  Lands  of  Earl  Goodvnn^  but  loft  by  an  Inundation  about  the 
Time  that  Tenferden  Steeple  was  built,  (which  gave  6ccafion  to  that 
Ironical  Proverb  of  Things  Cotcmporary,  that  Tenterden  Steepk  was 
the  Caufe  of  Goodwin  ,Sands.)    The  Occc^ion  of  fuch  different  Ef- 
fe<5ts,  depending  on  the  different  Situation  of  the  Shores,  and  the  fet- 
tii^  of  the  Tides  j  fo  as  to  walh  off  from  one  Place  what  it  lodgctb  on 
another. 

And  many  fuch  Alterations  (no  doubt)  have  been  of  the  Face  of  the 
Earth,  all  ^he  World  over,  of  which  we  have  no  particular  Hiftories. 
For  the  World  was  of  great  Age,  before  the  writing  of  any  Hiftoriea 
(except  the  Bible)  now  extant. 

And  who  knows,  but  that  in  former  Ages«  even  amidft  the  Alps^ 
there  may  have  be^n  large  LakeSj  which,  in  proccfs  of  Time,  (by  Earth* 
quakes  or  other  Accidents)  may  have  been  drain'd  of  their  Water,  and 
become  fruitful  Valleys :  Of  whicn  it  is  faid,  divers  Symptoms  have 
been  cUfcover'd,  even  amidft  the  AlfSy  in  later  Ages. 

And  fomething  of  the  like  Nature  hath  happen'd  within  fome  fc^ 
Years  laft  paft,  in  Janiaica^  in  Sicily ^  and  other  Places. 

4.1  Since  I  wrote  laft  on  the  Subjeft  of  the  Iftbmus^  &c.    I  find ^  ^^ 

Mr.    JLuffkin  -f  has  informed  us   of  divers  Bones  of  an  cxtraordmary  J?"^'  ^^  '^^ 
Bignefs,  found  lately  in  a  Gravel  Pit,  not  far  from  Ili^rwicb  in  Effex  p*°*io^o/^ 
(much  like  thofe  found  at  Charibam  in  JCwr,)  at  a  great  Depth  under   f  r«i.  inffa. 
Ground,  which  Bones  he  thinks  rather  to  have  been  the  Bones  of  an  S-  X* 
fllephaat,  than  of  an  Hifpopotamosj  or  other  Marine  Animal. 

But 


^34^  StKOttgiBoms  fwnd  untk*!  Ground,  ami  of 

Bat  whick  ev^  it  is,  it  ^1  equally  prove  thofe  Val%»  to  iiavebepi 
much  deeper  in  former  Htnes,  than  now.  •      ..       ,     i.- 

I  obferve,  that  the  River  in  Ejfexj  and  that  in  Kent^  near  which  the 
Bones  wer^  found,  are  both  of  them  named  the^/«cr;  .whidi,  whe- 
ther it  be  i  Corruption  of  the  Latin  jBftuaium  (as  Mr«  Smmet  cm- 
jeftur«f)^or  of  xht  Britijb  ys-dwr^  (that  is,  /i^#  ^«^>f' wttl  not  dii^ 
puce.    '  .  :      *         . 

:  Andijiat  the  Bones  were  fbund  (in  both  Places)  fnuch*  Bt  the  fame 
Beptb^  (about  i6  or  17  Feet  under  the  Sof  fade  of  the.  Earth)  which 
therefore  may  (probably)  have  been  lodged  (in  both  Fbc^) Much  abmrt 
the  iame  Time :  And  perhaps,  when  the  Emperor  Gk^dms  brought 
bis  EUpbants  into  Kent  and  EJfex ;  as  Mr.  Luffki»  intimates  out  of  Dkn 
Cq§ms. 

I  obferve  alio,  that  thofe  petrified  Bones,  in  hoth^.  l%ures,  were 
feand  \\^graoelfy  Guunthj  (as  are  thofe  petrified  Shells,  atul  Bodies  of 
Fiflics;  in  Gravel  Pits  and  Stone-QjarricG  near  Oxford}.' '  tfew  far  the 
Steams,  Fames,  or  FlQ6rs  qf  the  Earthy  which  coittribme  to  the  For- 
mation  of  Stone  or  Gravel,  may  conduce  to  the  petrifying  of  thcfe 
Bones,  \S9iells^  or  other-  Bodies ;  I  leave  to  the  Confidenftion  of  the 
Naturalifts. 

'  And  whether  the.  Impregnation  of  fuch  Snams^  may  not  SivMioeh 
petrified  Bodies,  to  a  larger  Proportion  than  before  they  had.  UAx 
as  we  obferve  Wood  (and  other  like  Materials)  in  a  moift  Air  to  Swell-, 
by  the  Diftention  of  their  Pores,  upon  the  Jntromiffion  of  nwift  P^- 
ticles.  For  I  take  all  Petrifications  to  be  made,  either  by  Incrnfiatkm 
or  Intfomiffion  of  ftony  {Articles. 

r  And  I  well  remember,  that  (many  Years  ago)  eJuMMiifl^  ki  Kmiy 
(not  far  from  Feverjham)  on  fomc  high  Grounds,  and  very  ftony,  (whkb 
ofed  to  be  fometimes  Pafture,  and  fometimes  plow'd)  1'  have  obferved 
divers  Oyfier-flxUs  (petrified,  or  partly  fo)  much  larger  lOid  thicker 
ahan  the  qrdinM^  Pro]portibn  of  Oyfters  in  thofe  Parts,  and  very 
weighty  •,  which  Oyfter- Shells  might  have  been  purpofely  thrown  there 
long  before,  as  being  reputed  a  good  Manure  for  Land  ;  and  might 
have  been  there  impregnated  with  like  HaUtus^  Effluvia^  as  are  die  mi- 
meroui  Stones  on  thofe  Lands. 

I  h^tvt  koown  the  Inhabitants,  heretofore,  have  ufed  to  caufe  tJ^ 
Stones,  in  thofe  Lands  (becaufe  they  are  very  numerous)  to  be  gathered 
up,  and  carried  oflf  the  Lands  by  Cart-loads,  to  make  more  Room  for 
the  Grafs  to  grow.  But  of  later  Years,  they  forbear  (I  have  been 
told)  fo  to  do,  as  thinking  the  Warmth  (or  fomewhat  equivalent)  of 
thofe  Stones,  is  rather  an  Help,  than  Hindrance  of  the  Earth's  Fer- 
tility. 

But  (to  return  to  what  I  was  fpeaking  erf)  I  fee  not  why  we  may 
not  think  the  Stowr  in  EJfex^  and  the  Stowr  in  Kcnt^  to  have  beta 
(both  of  tliem)  JSftnaries  of  the  Northern  Tyde ;  before  the  Rupture 
of  that  Ifthmus  between  jyorer  and  C<Uais :  (And  the  like  (/  the  River 

near 


near  JMUU^,  Md  other  fmdt  Creeks  on  ^the  Coaft.)  Though  nbt  i^ 
gposlt^as  tJii»(e  <dthmi^  and  the  ^mUs  :  ivhicli  w«r6  thin  JBfiMiritt 
of  the  fame  Sea ;  as  ^re  mafiy  others  on  the  Coaft  of  ScoHofid. 

- 1  fij^  U)^6  iSat  RuptHt€  i  For^  fince  tJAt  Ruptart,  the  Catfe<as  to 
the  yl^j^iwy)  is  fomewhat  altered.  For  tb6*  Wefterti  TkK  (fefeftirfeeh  \A 
and  Frdna)  which  was  theh  ftopped  at  thU  Ifibmus^  doth  now  Bow 
an  (thrdugh  that  Prelum)  beyond  the  Moutk  of  the  Tbamesj  as  high 
as  the  Dcgger-fimds\  which  doth  therefore  fupply  tht  Mfiuufy 
of  the  Thames^  which  was  formerly  furniflied  from  the  Northern 
Sea* 

And  thefe  (mailer  uSflumes  might  fooner  be  fwarved  up  by  what 
every  Tide  lodgcth  there.  While  thofe  -greater  jEftuaries  are  but 
ihortned,  and  becoinc  narrower,  than  they  had  formerly  been.- 

And  as  to  the  Thames  in  particular ;  it  feems  very  evident,  if  we 
confider  their  Situation,  and  the  Nature  of  their-  Soil,  tliatj  ftiuch  of 
tTic  Low  Grounds  (in  Kent  and  Ejfex)  on  both  Sides  of  the  Mouth  of 
the  T^omr^j -(adjacent  to  the  Sea)  had  foritierly- been  Sea,  (as  well  as 
that  of  Rjmney-marjb.)  And  when  the  Mouth  of  the  Thames  was  b 
much  wider,  no  doubt  but  it  flowed  much  farther  than  now  it  doth. 
And  how  far,  who  can  tell  ?  • 

It  may  perhaps  be  objefted,  that  the  fmall  Rivers  now  remdnSng,  m 
the  Bottom  of  thefe  Valleys,  which  may  have  been  fuppofed  (in  for- 
mer Times)  to  have  hGtn  jEfiumes^  do  now  run  more  wriggling 
(with  more  Turnings  and  Windings)  than  do  thefe  Valleys,  But  this 
need  not  at  all  feem  ftrange,  wten  as  wctnay  dafly  fee  the  fame,  in 
the  Bottom  of  a  muddy  DJtch  (or  Wafer-courfe)  when^- the ^ Water  is 
almoft  drained  off,  the  'Mud  yet  remaining  foft :  the  little  Water,  yet 
remaining,  will  work  out  of  itfclf  (amidft  the  Mud)  a  wriggling 
Pal%e  (according  a^  the  Mud  Will  more  or  lefs  give  wa?y)  much 
more  crooked,  than  was  foch  Ditch  when  full  of  Water,  and  the  like 
muft  needs  happen  in  the  gradual  Draining  of  fuch  Mfiuarm^  according 
as  the  ibft  Earth  will  permit.  Which  Crookedhcft  will  continue,  wheri 
the  Banks  on  both  Sides  do  (by  Degrees)  groW  firtnef. 

As  to  what  I  faid  concerning  the  Me  of  0^»ry ;  A  low  Level  irt 
that  Me,  which  had  for  divers  Years  lain  under  Water,  is  now  raifcd 
by  intromitting  the  Tide,  to  a  cbnfiderable  Height  above  what  it  had 
formerly  been  ;  and  the  Channel  from  thence  tt>  Rye^  fe  (by  the  tide's 
paJTmg  in  and  -out)  become  much  wider  and  deeper  than  heretofore 
Both  wbichare^vident,  and  not  to  t)e  denied. , 

If  we  look  in  the  niore  ancient  Maps  of  jf^/// (older  than  the  Ytaf 
1640)  we  will  find,  that  what  We  cill  the  ^  of  0;^?;^,  was  Aen 
but  a  'Peninfuh'y  being  (by  a  fmall  IJibmus  or  Neck  of  Land  at  the 
North-Eaft  Corner  of  it)  contmued  to  the  reffi  of  the  Country  :  And 
the  Tide  from  Rye  to  that  Place  (which  now  flows  ftraight  onward  on 
theMorth  Side,  of  the  Ifle)  was  there  ftopped  by  thai;  Ifibmf^  ind  did 
'  1  -  ^  —  'wbecl 


1 3.6  Large  T'eeib-  jmnd  undfr  Grmnd^  See. 

wheel  about  on  the  South  Side  of  it :  Or  rather,  the.  River  IU^mt  ^ 
(from  the  North  Side  of  the  lOand)  wheel  about  by  the  South  Side  (co 
that  Eaftern  Corner)  and  thence  (by  the  Channel)  to  Rye. 

White  Things  were  in  this  ftate  \  divers  Moorilh  or  Marfh-lands, 
adjoining  to  the  River  RjUber^  were  oft  in  Danger  (upcm  great  Rains) 
to  be  drowned.  But  fo  it  once  happened  (by  what  Accident  I  know 
not)  that  this  drowned  Land  had  unexpectedly  (in  a  Night's  Time, 
or  little  more)  difcharged  icfelf  on  another  Level,  fomewhat  lower  than 

itfcir.  .  . 

Upon  which  Indication,  it  was  thought  advifeable  (by  cutting  that 
IJibmus)  to  allow  thofe  Waters  on  the  North  Side  of  die  Ifland  a 
ftraighter  Paffage  towards  Jiye  -,  and  to  let  thofe  lower  Grounds  for 
fome  Time  to  lye  under  Water  (paying  the  Rent  of  theni)  till 
fuch  Time  as  (by  intromitting  the  Tide)  they  might  be  fomewhat 
heightned,  and  then  timely  recovered.  In  Order  to  which,  Cbm- 
milTioners  oftScwers  have  ever  fmce  from  Time  to  Time  been  ilTued 
out  for  that  Purpofe  ^  and  the  Work  in  a  good  Meafure  effeded,  though 
not  finifii'd. 

Jn  Jcc9UMt  $f  IX.  I.]  Four  large  Teeth  were  lately  found  in  the  North  of  IreUmi, 
Large  Teeth  gboyt  eight  Miles  from  Belturbet^  at  a  place  call'd  Magherf^  in  Part 
Undr'i^M^'^*'^'^^  BiOiop  o(Killmcre'B  Lands,  finking  the  Foundation  for  a  Mill 
P.  Neville,  n.  near  the  Side  of  a  fniall  Brook,  that  parts  the  Counties  of  Covob  and 
346.  p.  ^67.  Monagban. 

Two  of  them  are  of  a  larger  ^nd  two  of  a  fmaller  Sort ;  the  lai^cft 
is  the  farth^ft  Tooth  in  the  under  Jaw,  the  other  is  like  it,  and  be- 
longs to  the  oppofite  Side  ;  the  Icflcr  Tooth  I  take  to  be  the  diird  or 
fourth  Tooth  from  it,  and  has  its  fellow :  Thcfe  are  all  that  were  found, 
and  one  of  them  in  a  Piece  of  the  Jaw-bone,  which  fell  to  Dirt  as 
foon  as  taken  out  of  the  Earth  5  there  was  Part  of  the  Scull  found  alfo 
€f  a  very  large  Size  and  Thicknefs,  but  as  foon  as  expofed  to  the  Air, 
that  mouldered  away  as  the  Jaw  had  done. 

The  Account  I  had,  led  me  laft  Week  to  the  Phce  where  I  was  re- 
folved  to  make  the  niceft  Search  I  could  i  but  the  Water-wall  of  the 
Mill  beixig  built,  and  the  Ground  all  incumbered  with  the  Earth,  that 
was  thrown  up,  I  could  have  little  Opportunity  of  doing  any  Thing 
but  to  enauire  of  the  Workmen  the  Manner  of  finding  the  Teeth,  and 
where  and  how  they  lay.  There  were  fome  few  Pieces  of  Bones  found, 
but  none  entire,  yet  by  thofe  Bits  that  were  found,  one  might  guda 
that  they  were  Parts  of  thofe  that  were  of  a  larger  Size. 

The  Place  where  this  Monfter  lay  was  thus  prepared  ;  which  makes 
me  believe  it  had  been  buried,  or  that  it  had  laid  there  fmce  the  Delv^. 
It  was  about  four  Feet  under  Ground,  with  a  little  Rifing  above  the 
Superficies  of  the  Earth,  which  was  a  Plain  under  the  Foot  of  a  Hill, 
and  about  30  Yards  from  the  Brook  or  thereabout.  The  Bed  whereoa 
it  lay,  had  been  laid  with  Fern,  with  that  Sort  of  Rulhes  here  called 
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^rtU^  and  with  Bufhes  intermixed.     Under  this  was  a  llifF  blue  Clay, 
on  which  the  Teeth  »nd  Bones  were  found:    Above  this  wasfirfta 
'Mfacture  of  yeflow  Clay  and  Sand,  much  of  the  fame  Colour;  under 
that  a  fine  white  fandy  Clay,  which  was  next  to  the  Bed :  The  Bed 
wai  for  the  moft  Part  a  Foot  thick,  and  in  fome  Places*  thicker,  with 
a  Moifture  clear  through  it ;  it  lay  fad  and  clofe,  and  cut  much  like 
Turf,  and  would  divide  into  Flakes,  thicker  or  thinner  as  you  would  ; 
and  in  every  Layer  the  Seed  of  the  Rufhes  was  as  frefli,  as  if  new  pul- 
led, fo  that  it  was  in  the  Height  of  Seed-time,  that  thofe  Bones  were 
laid  there.     The  Branches  of  the  Fern,  in  every  Lay  as.  we  opened 
them,  were  very  diftinguifhable,  as  were  the  Seeds  of  the  Rulhes  and 
the  Tops  of  Boughs.     The  whole  Matter  fmelt  very  four,  as  it  was 
dug,  and  tracing  it  I  found  it  34  Feet  long,  and  about  fio  or  22  Feet 
broad. 

It  will  be  well  worth  Confideration,  what  fort  of  a  Creature  this 

might  be,  whether  Human  or  Animal :  if  Human,  there  was  fome 

Reafon  for  the  Interment,  and  for  that  Preparation  of  the  Bed  it  was 

laid  on;  if  Animal,  it  was  not  worth  the  Trouble ;  if  Human,  itmuft 

be  larger  than  any  Giant  we  read  of;  if  Animal,  it  could  be   no 

other  than  an  Elephant,  and  we  do  not  find,  that  thofe  Creatures  were 

ever  the  Produft  of  this  Climate.     And  confidcring,  how  long  this 

muft  have  laid  here,  I  do  not  believe  the  Inhabitants'  then  had  any 

Curiofity  or  Conveniency  to  bring  fuch  into  this  Kingdom  ;  for  I  fup- 

pofe  the  beft  of  their  Ships  could  not  carry  one.     Then  if  an  Elephant, 

or  fome  other  Beaft  which  muft  have  Proportion  to  the  Teeth,  it  muft 

have  laid  there  ever  fincc  the  Flood ;  and  if  fo,  then  the  Bed,  on  which 

it  lay,  muft  be  of  its  own  making  :  Whence  it  will  follow,  that  the 

Flood  coming  on  him,  while  he  lay  in  his  Den,  he  was  there  drown'd, 

and  covered  with  Slime  or  Mud,  which  fince  is  turn'd  into 'the  Sub- 

ftance  of  the  Earth  before- mentioned.     There  were  alfo  a  great  many 

Nut-ftiells  found  about  the  Bed,  perhaps  thofe  might  have  been  on  tli 

Bufties,  which  compofed  Part  of  the  Bed. 

The  two  large  Teeth  are  of  equal  Weight,  two  Pound  three  Quar- 
ters each  :  The  two  little  Teeth  are  fix  Ounces  each ;  but  there  arc 
Ibme  of  them  wafted,  and  fome  of  the  Holders  that  go  into  the  Jaw 
broken  off. 

2.3  The  Four  Teetb^  with  fome  of  the  Fragments  of  the  Bones  that  ,».Remarfal 
were  found  with  them,  have  been  brought  to  DuhU%  where  I  have  e3ca-  on  tbm  by 
niin*d  them  particularly,  and  taken  the  following  correft  Sketches.        ^'•*  T.  Mo- 

I   am  fully  convinced,  that  they  muft  certainly  have  been  the  Fcur  p^°^^*  ^  ^^ 
Grinding  Teeth  in  the  lower  Jaw  of  an  Elephant :  And  that  the  many  ^'  ^'  ' 
Joofe  Fragme/its  of  thofe  large  Bones,  that  were  found  with  them,  muft 
have  been  Remains  of  the  i^mt  Animal. 
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Kg.  t8.  Fig.  28.  A  A  is  the  larger  Grinder  of  the  under  Jaw  on  the  ri^t 

Side,  weighing  two  Pounds  and  three  Quarters  of  a  Pound. 

^9  ^9  iy  ^9  h  K  ^9  2U%  white,  rough,  indented  Borders,  leren  ia  Nim* 
ber,  of  an  irregular  Shape,  arifing  i^ut  the  tenth  of  an  Inch  higher  than 
the  hard  black  fhining  Surface  oT  the  Tooth ;  this  rough  raifed  Work 
ferves  for  t}ie  bruiling  and  grinding  the  AnimaTs  Food,  the  tough 
Grains  of  Rice,  {.weaves.  Fruits,  and  the  Boughs  of  Trees,  and  is  made 
of  fo  extreme  an  hard  Texture,  that  it  refembles  large  knotted  Threads 
of  white  Qlafsj  laid  on  and  clofeiy  faftned  to  the  dark  Superficies  of 
the  Tooth:  And  anfwers  that  glafly  Surface  wherewith  Nature  has 
armed  the  Outfide  of  the  Teeth  of  rooft  Animals^  to  prevent  their  wear- 
ing from  the  conftant  Attrition  in  Chewing  of  their  Foods. 

c^  f,  f,  f ,  r,  is  that  Part  of  the  Tooth  which  rifcs  above  the  Gums, 
and  continues  even  now  diftihguifli'd  from  the  reft  of  the  Bone,  by 
having  its  Colour  of  a  different  Shade. 

i,  a^dj  d^  dy  d,  i,  are  many  ftrong  Tangs  or  Roots,  feemingly  united 
all  together,  by  which  the  Tooth  received  its  Senfe  and  Nourifliment, 
and  though  it  was  fo  large  and  ponderous,  by  theie  it  kept  firmly  fixt 
into  the  Jaw. 

For  the  Mechanifm  Nature  fhews  itfelf  to  have  followed  in  framing 
the  Teeth  of  this  Ammal^  is  no  more  than  this :  Whereas  in  other  Crca* 
tures,  Ihe  has  divided  that  bony  Subftance  wherewith  they  chew  thdr 
Food,  each  having  its  peculiar  Roots  to  fecure  its  Articulation  in  the 
Jaw-bone  -,  Ihe  has  in  this  of  fo  great  Bulk,  for  the  greater  Strength, 
Stabiliment,  and  Duration  of  its  Teeth^  and  the  better  to  provide  for 
a  compleat  Attrition  of  the  Aliment,  in  order  to  perfed  the  EKgeftioa 
fo  thoroughly,  as  to  fuftain  the  Life  of  the  Animal  for  two  or  three 
hundred  Years,  (as  it  is  a  common  received  Opinion  in  the  Eaft)  (he 
has,  I  fay,  contrived  to  make  the  Subftance  of  the  TMh  in  their  Roots 
below,  and  in  their  upper  Parts  above  the  Gums,  clofeiy  unite  toge- 
ther I  and  coalefcing  thus,  form  a  few  large  maJSy  Teeth  inftead  of 
many  fmall  ones. 

As  for  Inftance,  in  MaffsBadf^  that  is  of  fo  much  a  le(s  Size,  the 
Number  of  the  Teeth,  (when  the  whole  Sett  is  compleat)  reckons  to 
thirty- two ;  whereas  in  the  largp  Elephant ^  the  Teeth  of  both  the 
Jaws  amount  in  all  but  to  Eight,  befides  its  two  great  Tufks,  whach 
rather  ferve  as  Horns  for  its  Defence,  than  Teeth  to  prepare  its  FckxI  ; 
and  therefore  i  think  not  fo  very  properly  call'd  Teeth. 
Hg.  S9t  F^.  29.  £,  E,  is  the  fmaller  Grim^  Tooth  of  die  under  Jaw  00 

the  iaipe  Side  ;  its  ^u^ace  covered  oyer  with  the  fame  white  indented 
Work,  ^  before  defcribed  for  grinding  of  the  Food. 

/f  ff  A  ^^  ^^^  ^^S^  Roots,  that  kept  it  firmly  fixed  in  the  Jaw* 
Bone. 
This  fm^lIer  Tooth  weighed  full  fix  Ounces. 
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Pig.  30,  G,  Gy  is  the  large  Grindet  of  the  unde^  Jaw  on  the  kft  Side,  Fig-  jo. 
much  of  the  Size,  and  Shape,  and  Weight,  ^ith  its  fellow  Tooth,  de- 
ftrribed  Figure  28.  It  (hews  ks  Roots  and  all  its  Parts,  with  the 
rough  protuberant  white  Work  on  its  upper  Surface  made  after  the 
fame  Contrivance,  arid  formed  after  the  fame  ftrong  Model  as  the 
former. 

And  truly  if  one  confiders  it,  'tis  plain,  that  were  not  the  Teeth  of 
this  Creature  made  of  h  large  a  Size,  and  withal  of  fo  mafly  and  firm 
a  Subftance,  'twere  abfolutely  impoffible  they  could  refift  the  Force, 
and  bear  all  that  Preflure,  wherewith  thofe  vaft  Mufcles  exert  them- 
felves,  that  move  the  lower  Jaw  in  Maftication,  in  this  fo  ftrong  an 
Animal- 

-f  (?•  31-  ^»  ^>  Js  the  fmaller  Grinding -Toetb  of  the"  under  Jaw  on  the  Fig.  jU 
fame  Side  ;  it  is  lefs  compleat  than  the  fmail  Tooth  defcrib^d  before  in 
"Fig.  29.  for  fome  of  the  Root  is  wanting,  and  Part  of  its  outward  grin- 
ding Surface  is  broke  off  at  kj  *,  fo  that  it  weighs  fomewhat  lefs  ;  yec 
what  remains,  exaftly  Ihews  the  fame  kind  of  Work  and  Shape  of  the 
other  Tooth,  that  aniwer'd  it  on  the  right  Side. 

Thefe  Four  Teeth  here  defcrib'd,  folly  compleat  the  Set  of  the 
Teeth,  wherewith  Nature  has  furnilhcd  the  lower  Jaw  of  the  Elephant  % 
•and  are  anlVered  by  juft  as  many  more,  formed  after  the  fame  Manner 
in  the  upper  Jaw,  as  Dr.  Motalins  informs  us,  who  diffefted  the  Elephant 
tjhat  was  burnt  at  Dublin  in  i68i.  In  its  Anatomy,  p.  40.  fpeaking  of 
the  Teeth,  he  aflures,  there  were  befides  the  Tuflcs,  only  tour  Teeth' 
in  each  Jaw,  two  in  every  Side  ;  and  that  thefe  eight  T^eth  were  all 
MflareSy  fo  that  he  had  no  htcifores. 

But  notwithftanding  this,  perhaps  it  will  be  fdd^  we  may  not  ha- 
ftily  conclude  from  hence,  that  our  Great  Teeth  dug  up  iii  Ireland^  muft 
certainly  have  been  the  Four  Grinders  o(  an  Elephant,  fince  they  might 
as  well  belong  to  fome  other  large  kind  oiTerreftrial  at  Marine  Aninuil. 
'  As  for  the  Hint  of  their  being  human  or  gigantick^  'tis  fo  groundlefs  a 
Thought,  and  fo  contradiftory  to  comparative  Anatonrf^  and  all  Natural 
Hijiory^  it  dotes  not  deferve  our  Confideration. 

To  obviate  this,  I  take  Notice  firft  in  general,  that  the  differing* 
Kiods  of  living  Creatures,  wherewith  Nature  has  ftpck'd  the  World, 
arc  not  more  diftinguilhed  by  the  Make  of  any  Part  of  their  Bodies  from 
one  another,  than  by  the  various  Shape  and  Difpofition  of  their  Teeth : 
And  hence  it  is,  we  fhall  not  find  any  two  diftinft  Clajfes  of  Animals^ 
(hat  do  exadly  ^ree  in  the  fame  Make  and  Ranging  of  their 
Teeth. 

But  to  be  more  particular,  I  fliall  here  fet  down  at  length,  the  Words 
of  two  late  Authors,  that  purpofely  have  defcribed  the  Teeth  of  the 
Elephant.  ^     - 

Dx.  Blair ^  in  his  Defcription  of  the  Teeth  of  xK\%  Animaly  fays,  ;r,vjnfra,V. 
Dr.  Moulins  well  obferves^  that  they  are  all  Molares,  being  two  Inches  broad  v.  p.  117. 
in  that  Part  of  them  wherewith  they  grinds  and^x  Inches  and  a  half 

•  4  Y  a  long 
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hf^  m  tbi  Right  Side^  and  five  Lubes  and  a  balf  on  tbt  Left.  Their  Sur- 
face^ though  flat  J  is  yet  very  unepiol^  for  they  have  alternately  placed^  run-- 
fling  from  the  Right  to  the  Left  Side^  an  Hcdlownefs.  and  then  an  Eminence  \ 
and  this  Eminence  isfurrounded  by  a  rough  protuberant  Border.  There  are 
nine  of  thefe  HoUowneffeSy  and  as  many  Eminences^  undulated  as  they  pairUt 
Sea  Weaves. 

*Tis  remarkable,  how  very  exaftly  all  this  agrees  with  our  Figures : 
*Tis  true,  thokHollowneffesznd  Eminences j  which  he  mentions  to  be  nine^ 
do  not  fo  nicely  hit  with  the  Number  of  thofe  in  our  Teeth ;  but  this 
Difference  proceeds  from  hence,  that  he  defcribes  here  the  Grinders  of 
the  upper,  whereas  ours  are  the  Teeth  of  the  lower  Jaw ;  though  fuch  a 
Diftindion  as  this,  I  am  apt  to  think,  may  very  well  arife  even  in  thofe 
of  the  fame  Jaw,  in  various  Aninuls,  from  fome  peculiar  Difpo&ion  in 
one  from  another^  nay,  and  perhaps  in  the  (ame  Animal,  at  difiereot 
Times,  according  as  it  happens  to  be  older  or  youngpr. 
•  FiJ.  infra.  A  little  farther  ♦  where  he  gives  an  Account  of  thofe  of  the  under 
y.v.p,iai.  Jaw,  he  fays. 

The  hind  Tooth  of  the  Right  Side  is  four  Inches^  and  that  an  the  Left  five  -, 
the  one  half  of  their  Swrface^  where  they  begin  to  appear  above  the  Gumsj  is 
femicirculary  with  the  forementioned  Ridges  and  Sulci  runmj^  tranfverfijy 
four  on  the  Right  Sidcj  and  five  on  the  Left  -,  the  other  half  (or  Tooth  I 
luppofe  he  means)  has  five  of  thefe  Eminences  where  it  grinds  on  the  Rights 
and  four  on  the  Dfit :  Each  of  the  four  Teeth  isjsx  Inches  long^  and  has  fix 
cr  feven  of  the  foremmtiimed  Eminences^  and  as  martf  Depreffions :  Thefe 
Teeth  are  the  mofi  firm^  foUd^  and  weighty  Bones^  of  anf  Ammal  yet  known. 
Mr.  Ray  in  his  Synopjis  AmmaUum  S^uadrupedum^  when  he  comes  to 
give  us  the  Defcription  of  the  Elephant^  has  the  following  Words  :  Os 
pro  mole  Bellu^  parvum^  quatuor  in  utrdque  maxiUd  Dentibus  molaribus  feu 
Dentium  malarium  Maffis  inftruStum  %  fiquidem  plurimi  Dentes  in  Os  foli- 
dum  6?  durum  ita  infixi  funt^  ut  cum  eo  fcf  inter  fe  unum  ^  continuum 
Corpus  efficiant.  Dentes  hi  tineas  parallelas  undulaias  oSio  vel  novem  in 
fuperficie  rnaffa  efficiunt ;  funtque  reliquo  offe  candid  iores :  Maffa  integr^y 
Dentium  Jingularium,  modoj  per  Gomphofin  maxillis  inferuntur.  Inciforibus 
cmnino  caret. 

Thus  Mr.  R^  defcribes  xht.Teeth  of  this  Animal:  And  if  we  com- 
pare Dr.  Blair* s  Words  with  Jiis,  and  the  Particulars  of  both  Accounts 
^  with  the  Defcription  and  Figures  we  have  given  of  the  Teeth  dug  up  in 
Ireland,  and  obferve  how  they  all  agree  exactly,  evenfo  as  one  may  lay 
they  tally  together  5  I  think  it  wi'l  amount  to  nothing  lefs  than  Demon- 
ftration,  and  that  all  our  Ideas  have  been  taken  from  one  and  the  feme 
Natural  Olje3\  and  as  they,  fo  we,  muft  certainly  have  defcribed  no 
Qihi-r  Teeth  but  thofe  of  the  Elephant, 

But  then  perhaps  it  will  be  alk'd,  what  is  become  of  all  the  reft  of  the 
Teetby  that  were  in  the  upper  Jaw,  which  being  as  firm  and  folid  Bones, 
as  thofe  that  are  here  prcferved,  might  for  the  fame  Reafcn  have  ftiil  re- 
mained entire. 

But 
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But  fince  we  find  it ,  otherwifc,  'tis  obvious  to  imagine  a  probahle- 
^onjecflure,  how  this  might  come  about.  From  what  Mr.  Nevil  men- 
ions,  *tis  plain  that  the  Bed  where  all  thefe  Bones  were  found,  muft 
>nce  have  been  the  outward  Surface  of  the  Earthy  the  Grem-Sody  pro-  . 
lucir^  Rufhesy  Ferns  and  Nuts :  And  when  the  heavy  Beall  firft  fell 
iead  upon  this  Spot,  the  Skull,  with  all  the  Bones  and  Teeth  of  the 
apper  "Jaw,  being  the  highell  Parts  of  the  Afiimaly  might  likely  fall  in 
fuch  a  Pofture,  as  to  be  expofcd  ferae  while  above  the  Earth ;  though 
chofe  of  the  under  Jaw  firft  coming  to  the  Ground,  might  make  them- 
felves  a  Bed,  and  being  covered  with  the  Mould,  remain  preferved  ^ 
whilft  the  upper  Teeth,  and  moft  of  the  other  Bones»  lying  expofed  to 
the  Injuries  of  the  Air  and  Weather,  before  they  got  a  Covering,  might 
rot  and  quickly  moulder  all  away. 

But  though  this  be  allow'd,  yet  dill  a  greater  Difficulty  remains  un- 
folved ;  how  this  large-body'd  Animal^  a  Native  of  tlie  remote  warm 
Climates  of  the  Worlds  fhould  be  depofited  in  this  wild  Northern  Ifiand^ 
(where  Greeks  or  Romans  never  had  a  footing)  fo  many  Miles  from  Sea, 
and  diftant  from  thofe  Places  of  the  Ille,  where  People  might  molt 
probably  refort. 

And  to  make  the  Difficulty  yet  greater,  we  muff  confider,  not  only 

from  the  dark  black  Colour  of  the  Teeth,  contrafted  by  their  lying^ 

long  under  Ground,  and  the  remarkable  Alteration  wrought  on  their 

bony  Subftance,  which  (by  the  mineral  Steams  and  Exhalations  it  has 

imbib'd  whilft  it  was  in  the  Earth)  is  now  become  more  Iblid,  hard, 

and  ponderous,  thaa  it  was  naturally  at  firft,  (nay,,  in  fome  Parts  we 

find  it  plainly  petrified)  but  alfo  from  the  pcrifliing  of  all  the  other 

Bones  of  the  Animal's  Body,  and  from  the  confiderable  Depih  of  Earth 

that  covered  thofe  that  were  found :  We  muft  conclude  from  hence^ 

that  they  have  laia  in  this  Place   for  many  Centuries :  I  won't  fay, 

with  Mr.  Ne^ih  ever  fince  the  Flood',  becaufe  I  can't  fuppofe  that  the 

flight  Texture  of  vegetable  Subftances,  Nuts  and  the  Seeds  of  Rujhesy.  . 

could  poffibly  have  been  preferved  fo  long ::  But  this,  at  leaft,  may 

fafcly  be  afiirmcd,  that  thefe  Remains  muft  be  Cotemporaries  with 

fome  of  the  remote  Aggs  of  the  World ;  which  carries  us  fo-far  back 

into  the  earlieft  Times,  that  wc  can  never  imagine  the  rude  Inhabi-' 

tants  of  Ireiandj  or  any  of  tlieir  neighbouring  Countries,  were  Mafters 

of  fo  niuch  Art,  in  thofe  Days  of  Ignorance  and  Darknefs,  as  to  make. 

Carriages  by  Sea  ftrong  and  capable,  or  of  Curiofity  and  Politenefs 

cAough,  to  tcanfport  a  Beaft  of  this  large  Size  from  thofe  far  diftant. 

Countries,  wht^re  'twas  bred. 

Tliefe  Confidcfr2«:ions,  grounded  on  other  Inftances  of  the  like  kind, 
irnke  me  inclined  to  think,,  this  Elephant  might  not  be  brought  hither 
by  any  Care  or  Induftry  of  Man  •,  but  the  Surface  of  tliis  Terraqueous 
Globe  might,  in  the  earlieft  Ages  of  the  JVorldy  after  the  Deluge^  but. 
before  all  Records  of  our  oldeft  IliJiorieSy  differ  widely  from  its  prc- 
fpnt.G^<?£:r^/jX,  as.  to  the  Diftributioa  of  tlie  Qceau  and  Dry-land,  h%. 

Ijlandsy 
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]fflanis^  Continents^  and  Sb&resj  fo  as  to  allow  this  Beaft,  and  ocfaen  of 
its  Kind,  for  ought  I  know,  that  may  by  ibme  fuch  Accident  herMfter 
be  luckily  difcovercd,  a  free  and  open  Paflfage  into  this  Country  froai 
the  Continent. 

For  othcrwife,  how  can  we  ever  explain  that  that  other  vaft  large 
ftately  Animal  the  Moofe^Deer^  little  inferior  to  the  Elephant  itrdf,  coold 
have  been  brought  to  Ireland^  (where  clfewhcre  I  have  fliewn  it  fw- 
merly  was  common)  from  diftant  North  America^  even  long  before  chat 
Quarter  of  the  World  was  known,  and  is  the  only  Region,  I  can  hear, 
where  this  great  Bead  is  found  at  prefcnt. 

And  can  we  well  imagine,  that  Foxes^  Otters^  Badgers^  ^ys^s^  W^oJva^ 
with  LinxeSy  and  fuch  ravenous  Animals^  as  we  have  been  told,  have 
lately  been  difcovered  by  the  great  Snows  that  fell  this  prcfent  Winter, 
in  the  Jfiand  of  Sardinia  and  other  Places,  (hould  ever  be  imported  (be- 
ing ufelcfs  noxious  Beafts  of  Prey)  by  the  Induftry  of  Man^  to  propa- 
gate in  IJlands  ? 

Nay,  how  can  we  fuppofe,  that  Birds  of  fhortcft  Flight,  the  various 
forts  of  poifonous  Serpents^  and  of  ofFenfive  creeping  Vermin^  with  all- 
the  various  Tribes  of  Imaller  InfeSs^  could  poflibly  te  found  in  Ifiands^ 
unlefs  they  had  been  ftock'd  with  thofe  Inhabitants,  when  the  Intercouric 
between  them  and  the  Continent *was  free  and  open  ? 

But  in  whatever  Manner  this  Elephant  might  fird  have  made  its  way 
for  Ireland^  this  is  beyond  Difpute,  that  the  Bones  of  Elephants  have 
been  difcovered  deep  under  Ground^  in  other  Places,  as  well  as  this 
Kingdom,  and  thofe  too  out  of  the  Way,  far  diftant  from  the  oativc 
Countries  of  tjiis  Animal. 

For  not  many  Years  ago,  in  a  Hill  near  Erfurt^  a  Town  of  the  Up- 
per SaxotTf  in  Germany^  feveral  Parts  of  the  Skeleton  of  an  Elephant  were 
•  FiJ.  fapni,  dug  up  ;  an  Account  of  which  is  given  by  Ttntzetius  *. 
V.ILC.  III.      And  I  am  well  perfuaded,  by  the  beft  Conftruftion  I  can  make  of 
S.  XXX VIII.  thofe  imperfcft  and  obfcure  Accounts,  we  have  in  Evert  IJbrand  Iddes 
curious  Travels  from  Mufcovy  to  China  over  Lsuid^  Chap.  6.  (which 
he  confelTes  he  only  gathered  from  the  barbarous  OftiaekSj  Inhabitancs 
of  that  Country)  concerning  the  vaft  Teeth  and  Bones  and  Limhi  of 
jaBatntttUt^i  as  he  calls  them,  frequently  found  (and  diligently  foug^ 
after  to  make  Profit  of  them)  in  the  Hills  and  Banks  of  fevered  Rivos 
in  Siberia^  the  Keta^  Jenize^  Trugan^  Montgamfea^  and  Lena  ^  that  they 
are  nothing  elfe,  but  the  Remains  and  Skeletons  oi  Elephants  buried  there, 
and  accidentally  difcovered  by  the  Earth's  openings  and  falling  dowo» 
on  the  fuddcn  Thaws,  after  fevere  long  Frofts. 

Mr.  Camhden  in  his  Britannia  is  of  Oninion,  that  thofe  great  mon- 
ftrous  7eeth  and  Bones^  which  he  takes  mtice  to  have  been  at  feveral 
Times  dug  up  -in  many  Parts  of  Great  Britain^,  ipuft  have  been  the  Re- 
mains of  Elephants ;  but  then  he  thinks,  they  muft  be  of  thofe  tha 
Dion  Cajftus  the  Hiftorian  tells  us  the  Roman  Emperor  Claudius  brought 
over,  when  he  made  his  Expedition  into  that  I/land.     But  that  this 

truly 
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truly  is  fo,  I  own  is  but  Surmifc  as  yet,  and  has  not  been  fairly  proved 
t>y  him  or  any  other. 

What  Mr.  Somner  *  has  publifticd  is  more  remarkable  5  he  informs  •  Fid.  fupnu 
us,  that  in  the  Year  i668,  in  the  Village  of  Cbartbdm  near  Canterbury^  P-  «««• 
in  Emghndj  digging  witbin  twelve  Rods  of  a  River^  tb^  found  a  Parcel  of 
%rai^e  monfirous  Bones ^  fome  wboie^  fome  broken^  togetber  witb  four  Teetb^ 
perfeS  and  founds  eacb  weighing  fometbing  above  balf  a  Pounds  and  fome  of 
them  almoft  as  big  as  a  Man^s  Ftft.    Tbey  are  all  Cheek  Teeth  or  Grinders  \ 
the  Earth  in  which  they  lay  being  like  a  Sea-Eartb,  or  Fulling-Eartb^  with 
not  a  Stone  in  it. 

'Tis  obfervable  how  this  Account,  in  many  of  its  Circumftances, 
agrees  with  that  of  Mr.  Nevil's  -,  as  that  the  Teeth  were  all  Grinders, 
four  in  Number,  found  with  other  large  broken  Bones,  near  a  Brook, 
and  in  a  claiey  Earth,  without  a  Stone :  But  then  the  Weight  and 
Ms^iMtude  of  our  largeft  Teeth  fo  far  furpafs  thofe,  that  were  found  in 
Engkmij  th^t  thefe  did  not  come  up  to  a  fifth  Part  of  thofe,  which 
ihews,  they  could  not  be  the  Teeth  of  the  fame  Animal.  I  muft  con- 
fefs,  the  Author  does  not  fo  much  as  fufpeft  they  were  Elephants  Teetb^ 
but  on  the  contrary,  is  of  Opinion  that  they  belong*d  to  another  Species^ 
the  Hippopotamus  or  River-Horfe^  a  Beaft  that's  yet  a  greater  Stranger 
in  thtfc  Parts  of  the  World,  than  the  Elephant  itfelf ;  and  therefore  its 
Paffage  hither  can  never  be  accounted  for,  but  by  fome  fuch  like  Sup- 
pofition,  as  we  have  made. 

Mr.  Luffkin  f  differs  in  his  Judgment  from  Mr.  Somner  about  thcfe  f  riV.infia. 
Teeth,  which  he  thinks  muft  have  been  Elephants  Teeth ;  as  he  is  pofi-  p.  145. 
tive  thofe  large  Bones  he  defcribes  in  the  fame  Letter,  and  found  near 
Harwkb  in  EJfex^  certainly  muft  have  been. 

Not  having  feen  any  of  the  Bones  or  Teeth  concerned  in  this  Con- 
troverfy,  cither  thofe  that  were  found  in  J&»/,  or  thofe  in  Effex^  I  can- 
not well  take  upon  me  to  determine  any  thing  in  this  Matter  :  But  this 
at  prefent  I  can  fafely  fay,  that  if  the  Figures  of  the  Teeth  given  us  by 
Mr.  Somner  |)  be  genuine  and  well  expreft,  they  no  way  feem  to  agree  n  y^j  pj^ 
cither  in  Shape  or  Make,  or  in  that  particular  and  CbaraHerifiick  Work  j6,  «7. 
on  the  grinding  Superficies,  with  the  Teeth  of  the  Elephant ;  or  with 
the  Defcription  and  F^res  we  have  given,  which  arc  correct  and 
futural. 

I  am  inclined  to  think,  (even  from  thefe  imperfeft  Hints)  that  if  we 
had  more  correft  Hiftories  and  Obfervations  of  this  kind,  made  in 
diftant  Countries,  fkilfully  regiftred,  with  all  their  inftrudivc  Circum- 
fhmces,  they  might  lead  us  into  great  and  momentous  Truths  relating 
to  the  Deluge 'y  to  the  wifeMetho'ds  of  Providence,  in  replenifhing  all 
Regions  of  the  fTorld  with  Animal  Beings  foon  after  the  blood  ;  and  to 
the  Knowledge  of  feveral  important  Changes,  that  may  have  happened 
on  the  Surface  of  this  our  Terraqueous  Globe. 

[7be  Tooth  Fig.  34.  is  Nine  Inches  and  a  half  longj  whereby  the  Mag- 
nitude of  the  others  may  be  eftimated.] 
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Remarks  h  -  "S*!  .TWs  Account  of  Mr.  Nevil\%^  with  Mr.  Moljneux^s  Draughts  of 
i>r.E.Halicy.  the  Teeth,  and  his  Remarks  upon  them,  having  been  produced  aod 
^"f/^-  read  before  the  Royal  Society^  they  ordered,  that  what  Teeth  they  had 

of  like  fort  fhould  be  look'd  out  and  laid  before  them  ;  to  which  St 
Hans  Shan  was  pleafcd  to  furnifh  a  yet  greater  Variety,  out  of  his 
Colleftion  of  Natural  Rarities.  And  to  obviate  all  Doubts,  there  be- 
ing at  this  Time  in  fVeftminfler  the  entire  Skull  of  a  large  Elephant 
with  the  Teeth  in  it.  That  was  likcwife  ordered  to  be  viewed  and  com- 
pared with  the  Figures :  Which  done,  it  appeared  that  the  Teeth  in 
Queftion  could  be  no  other  than  thofe  of  an  Elephant. 

By  this  Enquiry  we  were  likevvife  fatisfied,  that  the  Number  of  Teeth 
found  being  but  four,  was  no  ObjeAion ;  it  appearing  that  the  Num- 
ber of  Mclares  in  this  Animal  is  not  certain.     Pliny^  Lib.  XI.    c.  3;. 
fays  exprefly,  Dentes  Elepbanto  iiitus  ad  mandendutn  quatuory  prater  tm 
qui  prominent.  And  in  the  Remains  of  that  mighty  Elephant  defcribed  by 
m  ^/V.fupra,  Tcnzelius*^  there  were  no  more  than  four  Teeth  found.  In  that  sli  ffeft^ 
V.II.  cm.  minfier  there  were  fix,  viz.  one  in  each  lower  Jaw,  and  two  in  each  of 
S,  XXXVII.  (Jie  upper,  wher.eof  the  inner  Tooth  is  about  three  Times  as  long  as  the 
other,  and  both  together  longer  than  thofe  of  the  under  Jaw,  by  about 
■an  Inch ;  the  upper  fmall  Teeth  being  much  worn  by  grinding.     Thefe 
Fig.  32.     we  have  thought  fit  to  repreient  by  jHg.  32.  (hewing  the  rough  grind- 
ing Surface  of  the  left  under  Tooth,  being  confiderably  concave  ;  and 
Fig.  3S-     by  Fig.  33.  the  fame  Roughncfs  on  the  upper  Teeth  is  fliewn,  having  a 
•  Convexity  tallying  with  the  Concavity  of  the  under,  which  is  a  Circum- 
ftance  not  obferved  by  any  of  thofe  that  have  defcribed  them. 

And  altho*,  by.  the  Obfervation  of  Mr.  Du  Verneyy  Dr.  Moulins^  and 
Dr.  Elair^  who  diffcded  three  different  Elephants,  it  appears,  that  each 
of  them  had  eight  Molares ;  yet  from  thefe  it  is  alfo  evident,  that  in  the 
Divifion  of  them  Nature  obferves  no  Rule :  For  Dr.  Moulins  found  tte 
two  Teeth,  in  each  of  the  upper  Jaws  of  that  he  diffeded,  to  be  di- 
vided after  a  different  Manner  j  fo  that  the  inner  Tooth  on  the  one 
Side,  and  the  outer  on  the  other,  was  bigger  than  its  adjoining  Fellow, 
yet  not  fo  as  to  be  very  unequal :  And  Mr.  Du  Vemey  and  Dr.  Blair 
had  on  both  Sides  the  much  greater  Tooth  outwards :  Whereas  the 
Wejiminfter  Skull,  on  the  contrary,  has  only  a  fmall  one  outwards,  and 
the  much  greater  Grinder  within.  All  which  confidered,  wc  may  with 
Affurance  conclude,  that  this  Elephant  found  in  Ireland  had  but  four 
Teeth  in  his  Head  when  he  died  •,  and  that  the  two  greater  were  thofe 
of  the  upper  Jaws,  and  the  other  two  thofe  of  the  under. 

Again,  by  the  Size  of  the  grinding  Part,  we  may  conclude  thefe  to 
be  the  Teeth  of  a  very  young  and  Tmall  Elephant ;  fince  they  are 
not  much  above  half  the  Length  of  thofe,  that  are  to  be  fech  at  iif^iPjlf- 
minfter^  which  belonged  to  a  Beaft  of  not  more  than  between  10  and 
1 1  Feet  high  ;  nor  much  above  one  Third  of  the  Length  of  a  FofTJ 
Elephant's  Grinder  in  the  Royal  Society  s  Repofitory,  the  which  is  here 
'jg-  34*     rcprefcnted  by  lig,  34.     Hence  it  is  not  to  be  wondered  at,  that  the 
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Bones  of  fo  young  an  Animal,  having  not  acquired  their  Firmity,  as 
being  in  a  growing  State,  Ihould  be  diffolvcd  by  long  lying  in  the  Earth, 
as  alfo  the  Roots  of  the  Teeth. 

Matthew  Paris  in  his  Hiftory  aflures  us,  that  in  his  Time  Louis  IX. 
(afterwards  St.  Louis)  King  of  France^  made  a  Prefent  of  an  Elephant 
to  his  Cotemporary  Henry  III.  of  England^  and  that  m  the  Year  1255, 
after  the  Englijh  had  been  fourfcore  Years  Mailers  of  Ireland.  Of  this, 
fays  Matthew^  Nee  credimusj  quod  unquam  aliquis  Elepbas  vifus  eft  in  An- 
glia,  pr^eter  ilium. 

X.  Having  read  Mr.  Sotnner*s  Account  of  ftrange  Bones  found  ^x.  An  Account  cf 
Chart  ham  J  I  think  it  not  improper  to  acquaint  you  with  fomething  like  ^*^^  ^"«^ 
it:  That  in  1701,  at  IVrabnefs^  a  fmall  Village,  fituate  in  the  raoft-^^J^^^  ^ 
Eaftern  Parts  of  £^:v,  upon  the  River  Stoury  near  Harwich^  divers  ;ifr.  J.  Luffkin 
Bones  of  an  extraordinary  Bignefs  were  found  at  fifteen  or  fixteeh  Feet  R.a74.p.924. 
beneath  the  Surface  of  the  Earth,  in  digging  for  Gravel  to  mend  the 
Roads  with,  fcf^.  the  largeft  and  moft  remarkable  of  which  was  pro- 
cured and  fent  to  me  by  Mr.  Ricby  Minifter  of  the  Place, 

We  read  in  Cambdeny  p.  351.  that  in  the  Time  of  King  Richard  IL 
and  in  the  Reign  of  Queen  Elizabetb^  there  were  found  in  the  moft 
Eaftern  Promontory  of  EJfex^  at  a  Place  call'd  OdulfinefSj  which  I  tdce 
to  be  Walton^  large  Teeth,  and  Bones  of  an  extraordinary  Bulk,  which 
were  cfteemed  the  Bones  of  Giants.  But  Mr.  Cbildrey  in  his  Britannia 
Baconica^  p.  100.  rather  thinks  them  to  be  the  Bones  and  Teeth  of  fomc 
Elephant,  buried  there  by  the  Romans. 

That  thefe  were  the  Bones  and  Teeth  of  fome  Elephant,  I  am  prone 
to  believe  •,  firft,  becaufe  they  far  furpafs  in  Magnitude  the  Bones,  ^c. 
of  the  largeft  Creatures  that  we  have  at  this  Day  in  our  Ifland. 

.  Secondly,  becaufe  'tis  evident  from  Dion  Cafftus^  as  quoted  by  Mr. 
Camhden^  (fee  the  Romans  in  Britain^  and  in  his  Britannia^  pag.  347.) 
that  Abundance  of  Elephants  were  brought  over  into  England  by  the 
Emperor  Claudius^  in  his  Wars  with  the  Britons  -,  even  into  EjfeXj  as 
appears  from  the  fame  Bion^  a  little  after  in  thefe  Words :  Claudius 
having  at  laft  joined  Plautius^  and  took  the  Command  of  the  Army, 
pafled  the  River  (meaning  xhtThames)  and  upon  a  fair'Engagement  with 
the  Enemy,  who  were  pofted  there  to  receive  him,  obtained  the  Viftory, 
took  Camalodunum,  &c. 

Thirdly,  in  comparing  this  Bone  with  the  Ofteology  of  Dr.  Moulins^ 
in  his  Anatonjical  Account  of  the  Elephant  burnt  at  Dublin^  &c.  I  find 
it  perfectly  to  agree  to  and  with  the  Os  humeri  thereof,  not  only  to  out- 
ward Appearance  or  Form,  but  to  Meafure  alfo;  from  which  Circum- 
ftances  we  may  conclude,  that  thefe  were  the  Bones,  tf^.  of  fome  Ele- 
phant, rather  than  of  any  other  Animal. 

And  it  does  feemingly  appear  to  .me,  that  thefe  Teeth  and  Bones 
niention'd  by  Mr.  Somner^  might  have  been  the  Teeth  and  Bones  of  fome 
Elephant,  ra,ther  than  that  of  the  Hippopotamus :  and  that. 
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Firlt,  in  rcfped  of  the  Place ;  for,  as  Mr.  Canthden  fays  in  his  5n- 
tannia^  p.  197.  fpL-aking  of  Chilbam  in  /&«/,  of  which  this  Cbaribamis 
a  neighbouring  Village,  fituate  in  the  fame  Down,  and  on  the  fame 
River  Stcur^  that  it  is  a  current  Report  amongft  the  Inhabitants,  that 
Julius  Cafar  encampM  there,  in  his  fecond  Expedition  againft  the  tru 
tons  \  and  thence  it  was  called  Jtdbam^  as  if  one  fhould  fay,  Juliits  Sta- 
tion or  Houfc. 

It  appears  farther,  Britan.  p.  208.  that  RlutupU  (which  whether 
Ricbborough  or  Stoner  matters  not)  fituate  near  the  prefent  Sandwicbj  was 
the  Place  of  Claudius' %  landing  m  Britain  \  and  that  through  this  Down 
was  his  neareft  Paflage  to  the  ^Ibames  whither  he  was  going,  is  indifpu- 
table.  So  that  'tis  highly  probable,  that  during  the  Stay,  paffiog  or 
repafllng  of  thefe  Roman  Armies  through  thefc  Downs,  fome  one  of 
their  Elephants  might  periih  or  die,  and  be  buried  there. 

Secondly,  By  the  Teeth  themfelves,  for  if  you  compare  the  Icons 
given  by  Mr.  Somner^  with  the  Defcriptions  of  Dr.  Moulins^  p.  40.  you 
will  find  them  the  very  fiime  as  to  Breadth  and  Depth,  &ff.  and  their 
htin^  Molares  \  for,  fays  the  Doftor,  thefe  eight  (which  wztc  all  the 
Elephant  had,  befides  the  two  Tufhes)  were  MolareSy  for  he  had  no  A- 
^     ci/cres. 

And  laftly,  to  folve  that  great  Difficulty  which  obliged  this  Gentle- 
man to  imagine  this  Down  to  have  been  an  Mjtuary^  that  his  Hippofotur 
mus  might  therein  dig  itfelf  a  Grave,  otherwife  how  fhould  thefe  Bones 
be  found  at  fuch  a  Depth  ?  For  who  with  Reafon  (fays  Mr.  Somner)  can 
imagine,  that  any  Land  Creature  could  ever  have  had  (at  firft)  fo  deep 
a  Burial  ? 

But  *tis  eafily  explained,  why  thefe  Bones  Ihould  at  this  Day  be  found 
at  fuch  Depths,  if  we  confider  the  Alteration  or  Rifing  of  the  Vallies, 
by  the  continual  wafhing  down  of  the  loofe  Earth  or  Soil  by  the  Rains 
and  Snows  from  the  adjacent  Hills,  and  by  the  annual  Rollings  of  the 
Grafs,  Sedge,  (^c.  for  Proof  whereof  take  the  following  Inftance  from 
Dr.  Plolt's  Nat.  Hift.  oi  Stafford/bire^  Chap.  vi.  p.  48.  p.  220.  fpeaking 
of  a  Mofs,  &fr.  wherein  there  was  found  a  Lump  of  Coins  of  Edward  IV. 
of  England  (fuppofed  to  be  loft  in  a  Purfe  or  Cloth  now  rotted  away) 
at  1 8  Feet  deep,  which  being  about  200  Years  fince  (that  is,  when  thcf 
were  found)  whoever  pleafes  to  compute  it,  will  find  this  Mofs  grew 
about  one  Foot  in  1 1  Years,  or  one  Inch  per  Annum  and  -h  froxim.  Di- 
vers otiicr  Inftances  of  Alteration  are  mentioned  in  the  fame  Hiftory,  as 
in  Chap.  3.  par.  11,  12.  and  Chap.  6.  par.  45,  46,  47,  48,  ^c.  Now 
it  will  be  eanly  granted,  that  if  this  Mofs  grew  or  advanced  itfelf  above 
its  Surface  18  Feet  in  200  Years,  then  this  Vale  or  Down  might  advance 
itfelf  i  7  Feet  in  almoft  1 700  Years. 
Coins,  lie. 

fiumimAtT  XI.  I.]  In  July  1 70 1,  oiie  Edward  Lent on^  who  lives  with  one  Pbi^ 
Snc^cSiy'  W^olverfton  of  Fleet  in  Soutb  Holland  in  Lincolnfl^ire^  being  about  to  fence 
jky^^^t^^l^  ^^  *  Hay-ftack,  and  digging  a  Grip  for  that  Purpofe  about  the  Depth  of 
p^  ii56«  half 
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half  a  Yard,  ftruck  his  Spade  upon  a  Pot,  which  when  he  broke,  there 
was  no  Icfs  than  36  Pound  Weight  of  old  Roman  Copper  Coin  found  in 
it.    The  Pieces  were  found  fet  in  Rows  edge-ways,  one  by  another, 
and  (luck  fo  together  with  the  Verdigreafe  or  Ruft  of  Copper,  that 
many  of  them  required  a  Chizel,  or  fome  fuch  Thing,  to  feparate  them  \ 
but  being  feparated,  clean'd  and  brightened,  the  Heads  or  Figures  of 
all,  or  mod  of  them,  were  very  fair,  (fome  as  when  newly  damped) 
and  the  Infcriptions  of  many  are  very  legible.     The  Fellow  carelefly 
gave  them  away,  and  difperfed  them  up  and  down  the  Country  to  fuch 
as  defired  them.     Here  was  amafs'd  together  a  great  Variety  of  Coins 
in' this  Pot:  They  fay  Dr.  Hart  of  Wtjhich  has  a  Dozen  of  the  bcft 
Pieces ;  and  an  Apothecary  at  Long  Sutton  a  Score  of  the  fame,  the  lar- 
gcft  and  moft  legible :  And  Thilip  Wolverfion  himfelf  has  two  or  three, 
fo  very  large  and  fair,  that  he  will  not  part  with  them.     The  Place 
where  they  were  found,  is  in  the  midft  of  the  vafteft  Flat  or  Level  in 
Englandy  and  in  a  Ground  that  for  many  Ages  paft  ufed  to  be  cover'd 
with  Water  in  the  Winter,  and  over- grown  with  Reed  in  the  Summer. 
'Tis  about  a  Mile  and  a  half  South  hy  Weft  from   Fleet-Churcb^   and 
about  as  far  South  by  Eaft  from  Holbeacb.    There  are  no  Banks  or  Hil- 
locks, old  Works  or  Ruins,  to  be  feen  near  it ;  nor  any  Remains  or 
Tokens  of  any  Thing  extraordinary  to  have  been  there  ;  (but  the  old 
Sea  Bank  about  two  or  three  Miles  oflF;  which  Dugdak  from  a  Paflage 
in  Tadius  believes  to  be  caft  up  by  the  Roman  Soldiers).     But  all  is  as 
flat  as  the  Sea,  and  a  low  Country,  producing  a  coarfe  flaggy  Grafs  for 
the  moft  part,  round  about  it.     The  Pot,  which  was  narrowefi  at  the 
Top  and  Bottom,  but  thicker  in  the  middle,  had  an  Infcription  about 
it,  which,  though  it  feemeth  in  fome  of  the  Shreds  or  Pieces  to  be  fair 
at  firft  Sight,  yet  is  not  legible,  though  what  it  may  be  to  Men  flciird 
in  Antiquities,  I  know  not. 

Near  the  River  Wellandj  (about  5  or  6  Years  ago)  that  runs  thro*  the  Boats,  Ox- 
Town  of  Spalding  in  Lincoln/hire^  at  the  Depth  of  above  eight  or  ten  horns,  i^r. 
Feet,  there  were  found  Jettys^  as  they  call  them,  to  keep  up  the  old 
River's  Bank,  and  the  Head  of  a  Tunnel  that  emptied  the  Land-water 
into  the  old  River  -,  and  at  a  confiderable  Diftance  from  the  prcfcnt  Ri- 
ver, I  guefs  20  or  30  Yards,  there  were  dug  up  (about  the  like  Depth)  - 
feveral  old  Boats  \  which  Things  fhew,  that  anciently  the  River  was 
cither  much  wider  than  now  it  is,  or  ran  in  another  Place,  or  both. 
On  the  other>  viz.  the  North- Weft  Side  of  the  River^  and  more  up- 
wards in  the  Town,  were  digg*d  up  (at  about  the  aforementioned. Depdji) 
the  Remains  of  old  Tanvats  or  Pits^  a  great  Quantity  of  Ox-bor^Sy  afid 
Shoe-foals^  (of  a  ftrange  Form)  and  I  thmk  the  veiy  Tannci;s  KntibSf,  fcff • 
which  Things  Ihew,  that  the  Si^rface  of  the  Country  lay  anciently  mu^rh 
lower  than  now  it  does,  and  has  been  raifed  by  the  Sica*s  throwing  in 
its  Sand  in  the  Miaritinie  Parts  (now  ti  oft  inhabitejd)  and  by  the  M^or 
or  rotted  Sedge  in  the  fenny  Partes  nc3ff  thp  high  Country ;  the  whole 
L<evel  is  about  50  Miles  l^  Lq>gth,  and  30  Mil|:s  pver  ii\  t^e  broi^deft^ 

4  21  2  ^     ^        iParts,' 
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Parts.  No  Record  (printed  or  MS.)  or  Tradition  whatfoevcr»  (that  I 
ever  heard  of)  tell  us  when  thefc  Mutations  here  difcovcrablc  happened. 
One  Thing  farther  I  have  to  add,  that  lately  at  the  laying  of  the  pre- 
fcnt  new  Sluice  or  Goat  (as  they  call  it)  at  the  End  of  Hamorebecky  at  its 
Fall  into  Bofton  Haven,  taking  up  the  Foundation  of  the  old  Gcat^  they 
met  with  the  Roots  of  Trees^  many  of  them  iffuing  from  their  fcveral  PoUs 
or  Trunks y  fpread  in  the  Ground,  which  when  they  had  taken  up  (Roots 
and  Earth  they  grew  in)  they  met  with  afolid,  gravelly,  and  ftcny  Soil, 
of  the  high  Country  Kind,  (but  black  and  difcoloured  by  the  Change  that 
had  befallen  it)  upon  which  hard  Earth  they  laid  the  Foundation  of  this 
new  Goat :  ^\herethefe  Roots  were  dug  up,  was  certainly  the  Surface  of 
the  old  Country,  the  certain  Depth  whereof  I  cannot  now  tell,  but  that 
it  was  much  deeper  than  that  at  Spalding^  as  the  Land  is  there  at  prefent 
higher.  The  Archimedean  Screw,  or  fcrew-like  Trunk  or  Cylinder,  by 
which  the  Workmen  cleared  themfelves  of  Water,  was  very  pretty. 

^  Remark, *jr      2.]  The  Matter  of  Faft  in  thefe  Relations,  is  indifpuubic,  this  wor- 

^  ^TJ^'  ^y  Pcrfon  being  an  Eye-witnefs  5  and  I  take  it  for  an  experimental 

rdby.  /  /  .     Confirmation  of  Mr.  Ray's  Opinion,  that  the  great  Level  of  the  Fens 

running  through  Holland  in  Uncoln/hire^  the  Ifle  of  Ely  in  Cambridgefibirey 

and  Marjbland  in  Norfolk^  was  fometime  part  of  the  Siea,  and  atterated  by 

Earth  brought  down  by  Floods  from  the  upper  Grounds,  by  the  great 

Quantity  of  Mud  there  fubfiding,  which  by  degrees  raifed  it  up.    The 

•  Vid,  fupra.  Form  of  the  Shoe  was  much  like  thofe  found  with  fome  Urns  at  Kidy 

y.  III.  P.  "•  Tbm  in  IVeftmmland,  as  dcfcrib'd  in  Ph.  Tran.  N'  158.  ♦ 

0/an  uncm-      XII.  I  fliall  give  the  beft  Account  I  can,  of  what  is  remarkable,  and 

^0/r  Sinking  e/* known  to  almoft  all  hereabouts,  concerning  the  preffing  forward  of  die 

M^TsA  ^^^^^^  ^^  finking  of  the  Hitis  in  the  Neighbourhood  of  the  Town  of 

cttc.  n,  349.   Folkftone  in  Kent.     I  (hall  give  a  Sketch  of  the  Situation  of  the  Coun- 

p.  469.  try,  by  defcribing  a  ftraight  Road  from  what  we  call  the  Mooring-Rock^ 

to  Tartingbam'Houfe\  the  Manner  of  the  Country,  as  to  the  Rifmg  and 

Falling,  being  much  the  fame,  for  about  a  Mile  on  either  Hand  of  the 

Road  defcribed. 

Fig.  35,         /^t  the  Maoring-Rock^  about  half  way  between  High  and  Low- Water 

Mark.     5,  the  Foot  of  the  Cliff,  50  Yards  from  the  Rock.     C^  the 

Top  of  the  CliflF,  about  6  Yards  high.     C  A  a  Plain  of  50  Yards. 

D  £9^  cragged  Cliff,  of  60  Yards  high.     E  F^  z  Plain  above  a  Mile 

long.     FGy  an  Hill  of  fteep  Afcent,  near  half  a  Mile.     G  H^  the 

Land  from  the  Top  of  the  Hill  to  the  Houfe,  near  a  Mile.    /,  Tarhng- 

bam-Houfey  lying  near  two  Miles  and  a  half  N.  N.  W.  from  the  Rock. 

EGHy  2L  Line  of  Sight.    X  5  L,  the  Shore  at  High-Water  Mark. 

T\\t  Momng-Rock  (though  it  lies  furrounded  with  great  Numbers  of 
other  Rocks)  is  itfelf  a  moft  noted  one,  known  by  this  Naaic,  Time 
out  of  Mind.  At  this  VefTels  ufe  to  be  moored,  while  they  are  load- 
ing other  Rocks,  which  they  take  from  hence,   not  only  for  our 

own 
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own  Pier-HeadSj  but  for  thofe  of  Dover-Pier^  and  a  very  great  Quan* 
tity  of  them  were  fhipp*d  in  the  Time  of  Oliver*^  Ufurpatlon,  and 
carried  to  Dunkirk^  for  the  Service  of  that  Harbour. 

This  Rock  has  remained  fixM  thus,  for  the  Memory  of  Man  5  and 
old  Men  have  obferved,  that  for  forty  Years  and  upwards,  the  Di- 
ftance  between  it  and  the  Foot  of  the  lefler  Cliflf  A  i?,  has  been  much 
the  fame  -,  neither  can  they  be  much  out  in  their  Guefs,  the  Diftance 
being  fo  fmall.  Though  there  feems  nothing  extraordinary  in  this,  yet 
its  what  they  take  fpecial  Notice  of,  to  their  great  Surprize  :  For  they 
fay,  and  prove  by  good  Marks  and  Tokens,  that  the  Icffer  Cliff  B^  C, 
has  been  conftantly  falling  in,  infomuch,  that  from  Time  to  Time,  in 
their  Memory,  near  10  Rods  forward  to  the  Land  has  been  carried 
away  by  the  Sea.  From  whence,  as  it  appears  that  the  Plain  between 
the  Top  of  the  leffer  Cliff  and  the  Foot  of  the  higher  C  D,  has  been 
formerly  double  the  Breadth  that  it  is  at  prefent,  fo  the  Diflancc  be- 
tween the  Rock  and  the  Foot  of  the  ielTcr  and  lower  Cliff  A  5,  fliould 
have  increafed  in  Proportion,  and  would  have  been  double  at  prefent, 
to  what  it  has  been  formerly.  But  this  Diftance  remaining  the  fame, 
or  rather  lefs,  (in  the  Opinion  of  many)  is  what  is  greatly  wondered  at : 
Nor  can  it  be  accounted  for  otherwife,  than  by  fuppofmg,  that  the 
Land  prefling  forward  into  the  Sea,  is  wafhed  away  by  the  high  Tides  ; 
and,  as  often  as  this  happens,  prefles  forward  again.  This  prefCng 
forward  of  the  Land  into  the  Sea,  would  be  incredible,  were  it  not 
Ihewn  to  be  Matter  of  Fa6t ;  and  that  not  only  at  this  one  Place  of 
Obfervation,  but  by  the  like  Obfervations  all  along  this  Coafk,  as  far 
as  the  Situation  continues  the  fame. 

Now  let  us  climb  both  thefe  cragged  Cliffs,  and  place  our  felves  at 
the  Top  of  the  higher  one,  at  the  Point  £.  And  here  we  arc  to  ob- 
ferve,  that  (as  old  Men  inform  us)  upward  of  forty  Years  ago,  not  fo 
much  as  the  Top  of  Tarlingbam-Houfe  could  be  difcern'd,  neither  from, 
hence,  nor  yet  a  good  Diftance  off  at  Sea ;  but  it  difcover'd  it  felf  by 
D^rees ;  till  at  this  Day,  not  only  the  whole  Houfe,  but  a.  great. 
Trad  of  Land  below  it,  is  plainly  to  be  feen,  as  in  the  Line  of  Sight. 
£,  G,  H.  In  this  there  can  be  no  Fallacy,  and  we  can  afcribe  it  to  no- 
thing lefs  than  the  finking  of  the  Hills  (for  their  Tops  could  never  wear 
away  confiderably,  being  always  covered  with  Grafs,,  and  never,  broken 
up  by  the  Plough,  or  otherwife).  Thefe  Hills  are  all  of  Chalk,  and 
have  probably  very  large  Caverns  within.  Springs  of  Water  always 
flowing  plentifully  from  the  Foot  of  them  ^  and  I  have  had  it  obferved 
to  me»  that  upon  their  Tops  frequent  Cracks  have  been  taken  Notice 
of.  Whatever  be  the  Caufe  of  it,  *tis  not  to  be  doubted,^  but  that  thefe 
Hills  are  greatly  funk.  And  tWs  finking  of  the  Hills,  the  People  at 
this  Place  believe,  forces  the  Cliffs  and  all  the  Land  forward  into  the  ' 
Sea.  The  Cliffs  confift  of  great  ragged  Sand  Stones,  till  we  come  to 
near  a  Yard  (at  fomc  Places  more)  of  the  Bottom;  then  we  meet 
with  what  they  call  a  Slipe,  /.  e.  a  flippcry  fort  of  Clay  always  wet.. 

Upon. 
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Upon  tliis  Siipe,  at  the  Bottom,  they  prefumc,  that  the  hard  ftony 
Land  above.  Aides  forwards  toward  the  Sea,  as  a  Ship  is  launched  upon 
tallowM  Planks. 

Wc  whofe  Names  are  under- written,  do  hereby  teftify  the  Truth  of 
the  Matters  of  Faft  in  this  Account ;  IknjamiH  Mafier^  a  Jurat  of  the 
Town,  aged  74.  Robert  Hammond^  Sen.  a  Jurat  of  the  Town,  aged  77. 
JVilliam  Godden^  a  Fiftierman,  aged  74.  Thomas  Marjby  a  Fifherman, 
aged  72.  ff^illiam  Holly  a  Frftierman,  aged  73.  James  Godden^  apifticr- 
man,  upwards  of  60. 

Part  of  a  Hill     XIII.  Let  5,  T',  Fig.  36.  reprefent  part  of  the  Ridge  of  an  Hill,  gra- 

jinkhg  dawn  dually  fifing  from  S  to  7*,  for  near  half  a  Mile  ;  and  l^,  f,  IV^  U,  the 

'a^Lud  North-fide  of  the  Hill,  with  a  Declivity  from  5  to  17,  and  from  r  to^. 

hy^mio^  The  perpendicular  Height  at  X,  to  the  Plain  of  the  Bottom  at  7",  150 

c/Cloghcr.  n.  Feet,  and  the  Slope  Line  or  Hypotenufe  JT,  7*,  630  Feet. 

337:  p-  ^67.       The  Declivity  is  pretty  uniform  from  X  to  L,  and  from  L  to  7"con- 

^'8-  36.     fiderably  fteeper :    The  Bank  A^  £,  h\  2),  ovei^own   with  Ihrubby 

Wood)  all  the  Ground  on  the  Side  of  the  Hill  being  firm,  green,  and 

arable  ;  of  a  mixed  Soil,  Clay  and  Gravel,  but  more  clayey. 

On  "Tuefday  the  lotb  of  Marcb^  1 712-13,  in  the  Momiiig,  the  People 
obferved  a  Crack  in  the  Ground,  like  a  Furrow  made  with  a  Plough,  go- 
ing round  from  y/,  by  B  C,  to  D.  They  imputed  this  to  (w-hat  theyali) 
u  Thunderbolt ;  becaufe  there  had  been  Thunder  and  Lightning  on  Mon- 
day Night.  But  on  Tuefday  Evening  an  J^ideous  dull  Noife  raifcd  their 
Curiofrty  ;  and  they  obferved  that  the  whole  Space  A^  B^C^IX^  coa- 
tain'ng  about  three  Irijh  (K  e.  4|  EngUJb)  Acres,  had  been  all  Day  in  a 
gentle  Motion :  And  the  Noife  continued  all  Night,  occafioned  by  the 
rubbing  of  Bullies,  tearing  of  Roots,  rending  and  tumbling  of  Earth. 
The  Motion  ceafed  on  Wednefday  after  Noon,  when  they  faw  the  Buihcs 
on  the  Bank  £  F,  were  removed,  ibme  ftanding  and  fome  overthrown, 
to  the  plain  Meadow  Ty.  The  green  Ground  above  E  F,  when  it 
came  to  the  Top  of  the  ftcep  Part  at  £  -fi  rent  with  hideous  Chafms, 
ten,  fifteen,  or  twenty  Feet  deep,  and  tumbled  down  in  Rolls  of  a  Yard 
or  two  thick,  and  ten  or  twenty  long  and  broad  ;  not  unlike  a  fmootli 
Water  breaking  over  a  C^araft,  and  tumbling  in  Waves  below. 

There  was  a  Precipice  at  the  Top  Jfy^  ^5  Feet  perpendicular,  mak- 
ing the  Slope-Line  A' :v,  126  Feet*  The  Ground  from  x  to  i,  was 
made  more  level,  the  whole  perpendicular  Height  of  x  not  exceeding 
the  Plain  of  I.,  above  30  Feet ;  but  the  Ground  at  JL,  in  the  .whole 
Line  from  E  to  F,  was  mounted  above  20  Feet  higher  than  the  un- 
moved Ground  op  ekher  Side  at  E  andi^;  and  the  Height  of  £,  above 
the  Plain  of  jx,  is  SS  Feet. 

There  was  a  Ditch  HU  ^cnt  crofs  the  Ground^  which  being  broken 
off  at  0^  0^  i&  removed,  together  with  the  moving  Part;  34  Feet  lower 
down  dian  the  immoveable ;  but,  at  the  Bottom  /,  it  is  tumbled  60 
Feet  over  the  plam  Meadow.  The  Breadth  at  the  Bottom  tf,  *,  is^oo 
Fciet^  and  at  r,  d^  abdut  300.  The 
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The  whole  Face  of  the  ;  'recipice  Xx^  is  af  a  blye  Clay,  mixed  with 
many  lircic  b  ue  Scones.  The  ^ietai  is  very  hard  when  dry  j  but  upon 
any  Rain  foftens  co  a  kind  of  Mortar,  without  the  Degree  ol"  Tough* 
nefs  and  Stifi^n^fs  that  is  natural  to  Clays.  It  is  very  much  like  that 
Gravel  or  Sand  (as  they  call  it)  which  is  fomewhat  of  a  grey  marly  Na- 
ture, and  with  which  of  late  they  fo  much  improve  the  ploughed  Land 
in  this  Country. 

About  y,  there  are  Chafms  or  Gapings  full  of  Water,  which  make 
a  Rill  down  the  Hiatus  5,  £,  -//,  but  in  no  greater  Quantity,  than  might 
have  been  expefted  from  a  Well  funk  to  a  lefs  Depth.  Though  I  was 
told,  that  there  were  Holes  in  the  higher  Mountains,  that  received 
Water  under  Ground  ;  yet  I  can  find  no  fuch  Thing,  nor  any  Symp- 
toms of  a  Current  under  Ground,  either  where  it  enters  or  rifcs,  in 
all  the  neighbouring  Ground  for  fome  Miles. 

It  feems  to  me,  that  there  has  been  no  Vacuity  under  Ground  to  re- 
ceive the  fubfiding  Earth  -,  for  what  the  Bank  £,  L,  F,  is  raifed  higher, 
and  what  is  tumbled  down  to  the  Plain  j,  ^,  may  very  well  compenfatc 
the  Subfiding  at  the  Precipice  Jf,  x. 

Before  the  Rupture,  the  Declivity  from  Xto  £,  was  rtot  altogether 
uniform,  but  was  hollower  where  x  is  now,  than  the  adjacent  Parts  :: 
It  might  have  been,  by  the  Defcription  I  have  from  the  People,  loFeefc 
deep  in  the  Middle,  and  1 00  Feet  Diameter  5  and  they  have  a  Tradi*- 
tion,  that  this  was  made  by  a  Subfiding  before  the  Forty-one  Wars,, 
(the  oldcft  Epocha  the  Country  Irift>  know.) 

It  lies  in  the  Lands  of  Slat-beg^  two  Englijb  Miles  S.  W.  oiCUgAeTy, 
on  Mr.  M(mtraf%  Eftate. 

I  have  enquired  diligently  of  the  Neighbours,  if  they  found  any: 
Shocks  or  Indications  of  an  Earthquake,,  but  don't  find  the  leaft  Ap- 
pearance of  any. 

They  impute  it  to  the  great  and  conftant  Raios*  we  have  had  laft 
Harvcft  and  Winter,  which  have  foak'd  and  fteep*d  all  the  Ground, 
but  cannot  guefs  after  what  Manner  they  Ihould  produce  this  EfFeft  ; 
for  it  is  impoffible  any  Water  fliould  ftand  on  the  Ground,  or  in  the 
Vicinity,  it  being  all  on  the  Declivity  of  the  Hill. 

XIV.  This  Ifland  goes  by  the  Name  of  the  Sunk  Ifland  -,  fo  called,  I  An  Acctmnt 
fuppofe,  from  the  finking  Marfh  Ground  about.     It  is  yet  within  ^^^1^'*^^"^^ 
Memory  of  Man  fince  it  began  to  raife  its  Head  above  the  Ocean,  Jj^*^^^ 
there  being  feveral  old  People  here  alive  who  can  remember  when  there  ctweredfrom 
appeared  nothing  of  it  but  a  wade  and  barren  Sand  ;  and  that  only  at  the  Sea :  Cm- 
Low- Water  too;  when  for  the  Space  of  a  few. Hours  it  (hewed  itS^^'^'^^^J^ 
Head,  and  then  was  buried  again  till  the  next  Tide's  Retreat :   Thus  JL^^^J!' 
fucceffivcly  it  lived  and  died  until  the  Year  1666,.  when  it  began  XOn.  361..  f! 
maintain  its  Ground  againft  the.  Infult  of  the  Waves ;  about  which  1114. 
Timc4t  began  to  be  refcued  wholly  from  future  Danger,  by  the  Care 
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and  Induftry  of  Colonel  Gilby^  who  having,  as  I  am  inform'd,  a  Leafe 
or  Gift  of  it  from  the  Crown,  did  raife  Banks  about  the  riling  Grounds 
of  it,  and  fo  defending  it  from  the  Encroachments  of  the  Water,  it  be- 
'  came  firm  and  folid,  and  in  a  fhort  Time  afforded  good  Pafturage  for 
Sheep  and  other  Cattle.  The  Expcnces  at  firft,  to  improve  it  to  what  it 
is,  muft  needs  have  been  very  confiderable ;  it  being  encompafs'd  with 
high  Banks,  and  deep  Canals  for  receiving  and  difcharging  the  Liquid 
Element,  which  every  now  and  then  notwithftanding  threatens  to  re- 
poifefs  it,  but  hitherto  in  vain. 

This  Ifland  is  now  about  9  Miles  in  Circumference,  within  the  Banks, 
which  feem  to  render  it  impregnable  againft  all  future  Attacks  of  the 
Sea,  and  is  of  a  very  fat  and  fertile  Soil,  affords  good  Grafs,  Com  and 
Hay,  and  is  replenifhed  with  numerous  Flocks  of  Sheep,  which  are  of 
a  larger  Size  and  finer  Wool,  than  thofe  in  Holdemefs^  from  which  it  is 
divided  by  about  two  Miles  in  Water;  and  from  Lincoln/hire  by  about 
four.  It  is  flor'd  with  vafl  Numbers  of  Rabbets,  that  feem  innumerabJc^ 
they  appearing  through  all  Parts  in  prodigious  Swarms ;  their  Skins  are 
counted  the  fincft  in  England^  of  a  dark  Moufc-Colour,  fhag^d,  and 
foft  as  Silk. 

There  are  alfo  Cows  and  Horfes  feeding  confbmtly  in  the  Place,  with 
great  Plenty  of  Wild  Fowl. 

The  Inhabitants  are  not  fo  numerous,  there  being  only  three  Families, 
that  live  conftantiy  upon  the  Place;  however  they  are  never  too  foliu- 
ry,  there  being  Abundance  of  Workmen  and  Labourers,  that  continu- 
ally refort  thither,  fometimes  I  am  told  to  the  Nimiber  of  a  Hundred  and 
upwards,  for  the  repairing  of  the  Banks,  &?r. 

The  yearly  Income  of  the  Proprietor  amounts  to  about  800  L  and 
pays  the  King's  Taxes  to  thofe  who  coUeft  for  t\xt  Eaft^Riding^  and  is 
ufually  uplifted  by  thofe  of  the  Liberty  and  Townfhip  of  Oitringbam^ 
from  the  Marfhes  of  which  there  is  a  PafTage  over  the  Sands  to  the 
Sunk  at  Low-water.  But  this  Cuflom  of  paying  the  King's  Cefs  to 
them,  proceeds  from  the  Conveniency,  not  NecefTity ;  for  it  never  be- 
Jong'd  to  that,  or  any  other  Par ifh,  fo  that  I  cannot  refolve  you>  in  what 
Diocefe  this  Ifland  lies,  unlefs  it  had  been  united  to  fome  neighbouring 
Parifti,  or  converted  to  one  of  itfelf ;  which  if  cffeded,  the  Tythe  of 
Lambs,  Wool  and  Rabbets,  i^c.  would  makeup  a  handfome  Benefice.  It 
lies  nearer  indeed  to  the  Dioccfe  of  Tork^  by  at  leaft  two  Miles,  than  to 
that  of  Lincoln^  being  two  Miles  South  of  Holdemefs^  in  the  River  Hitm- 
ker^  and  four  Miles  North  of  Lincolr^ire. 

Ibi  sSli*^  ^^-  ^"  *^  ^3^  ^^  7^b  11^  7»  near  the  Seat  of  Sir  Charles  Potts  at 
3  Oaks  into  MamngtoH  in  Norfolk^  in  the  Day  Time,  to  the  great  Aflonifhment  of 
/i&#  Ground:  thofe  that  were  prefent,  firfl  one  fingle  Oak,  with  the  Roots  and 
Communi^ted  Ground  about  it^  was  feen  to  fubfide  and  fink  into  the  Earth ;  and  not 
Nc^nfic^.  ^^'^S  ^^e^»  ^^  ^''^"^  4^  Yapds  Diflance,  two  other  Oaks^  that  were  conti- 
p.  766.  *       guous,  funk  after  the  fame  Manner  into  a  much  larger  Pit,  being  about 
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38. Sect  Diameter ;  whereas .th^  forfter  is. not  fdlly  18.    Thcfe  ^  they  . 
fuok  fell  acrofs,  fo  that  obftruding  each  other,  only  the  Root  of  one  of 
tbcm  reaches  the  Bottom,  wher^s  the  firft  ftand?  perpendicular. 

When  the  firft  Tree  funk,  it  ivias  obferved  that  the  Water  boil'd  up 
in,  the  Hole;  but  upon  the  finking  of. the  greater  Pit,  that  Water 
drain'd  off  into  it,  from  the  fprojer,  which  now  continues  dry.    The 
depth  thereof  to  the  firm  Bottom  is  nine  Feet  three  Inches  i  and  thcTree- 
that  ftands  upriglit  in  it  is  three  Feet  eight  Inches  in  Girt,  and  its  Trunk 
about. dghtcen  Feet  long,  half  of  whi^h  is  now  within  the  Pit*    In  the 
Bottom  of  the.  greater  Pit  there  is.  a  Pool  of  Water  about  eight  Feet 
Diameter  i,  whofe  Surface  i$  eleven  Feet  three  Inches  below  the  Ground, . 
and  the  Trees  tliat  are  in  this  Pit  are  much  of  the  fame  length  with  the. 
other,  but  foiiiewhat  fmallcr,  the  o|ie  being  in  Girt  three  Feet  fiv^ 
Inches,  the  other  but  two  Feet  oihe  Inches. 

.  Th^  Soil,  on  which  thefe  Trees  grew,  is  gravelly ;  but  the  Bottom 
is  a  C^ick-fand  over  a  Clay,  upon  which  there  are  Springs,  which  feed 
laige  Ponds  adjoining  to  Sir  Cbarks^  Pom's  Houfe,  at  about  a  Quarter 
of  a  Mile  from  thefe  Holes. 

The  Nature  of  the  Soil  feems  to  afford  us  a  reafonable  Conjefture  at 
the  Caufe  of  this  odd  Accident:  The  Springs  running  over  the  Clay  at 
the  Bottom  of  a  Bed  of  very  minute  Sand,  (uch  as.Qyick-fands  ufually 
are,  may  rcafonably  be  fuppofcd,  in  many  Ages,  to  have  wafti'd  away 
the  Sand,  and  to  have  thereby  excavated  a.  kind  of  fubterraneous  Lake, 
over  which  thefe  Trees  grew:  And  the  Force. of  the  Winds  on  their 
Leaves  and  Branches,  agitating  their  Roots,  may  well  have  loofened 
the  Sand  under  them,  and  occafioned  it  to  fall  in,  more  frequently  than 
elfewhere-,  whereby  in  length  of  Time,  the  thin  Bed  of  Gravel  being, 
only  left,  it  might  become  unable  to  fupport  its  own  Weight,  and  that 
of  the  Trees  it  bore.  That  this  is  not  a  bare  Conje&ure,  may  appear 
from  the  boiling  up  of  theWater  at  firft  in  the  leffer  Hole,  and  its  ftand- 
ing  in  the  bigger  and  lower.  And  if  it  ihall  be  foui^d,  that  it  was  a 
very  windy  Day,  whereon  this  Accident  happened,  it  will  much  add  to 
the  Probability  of  this  Solution. 

An  Accklent  not  unlike  this  latelv  happened  in  FUet-ftreety  London^ 
by  the  Defeft  of  the  arched  Roof  of  a  very  deep  Common-Sewer.  The 
Earth  gradually  falling  into  the  Sewer,  was  carried  away  by  it,  fo  as: 
not  to  obftru6t  the  Water ;  and  the  continual  Tremor  of  the  Ground, 
occafioned  by  the  conftant  palling  of  Carts  and  Coaches,  by  Degrees 
ifaook  down  the  Earth,  fo  as  to  leave  a  very  great  Cavern,  the  Top 
whereof  at  length  grew  fo  very  thin,  that  one  Day  a  weighty  Cart  ha- 
ving juft  paft  it,  a  great  fpace  of  the  Pavement  funk  in,  in  the  middle 
of  the  Street,  not  without  hazard  to  a  Coach  then  driving  by. 

XVI.  I.]  There  are  Grounds  in  Scolland^  which  we  call  Moffes^  from  p/theMoK^s 
whence  the  Country  People  dig  Turf  and  Peats.  The  Surtace  is  co-  '^;£K;^/ 
ver'd  with  a  Heathy,  and  (as  they  call  it)  Heathery  Scurf,    Under.^/cTomerdc. 
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that  Scurf  there  is  a  black,  moift^  ijf)mtg)r  Earth  ^  in  foins  nacM  ibah 
lower,  and  in  fome  deeper  \  from  3  Qt^.  to  7  or  8  Fdet  deep^  atidia 
fome  Places,  but  not  in  many,  to  twice  or  thrice  that  DepdL  Thef 
cot  the  heathy  Scurf  with  a  Eat'  kind  of  tf  Spade,  whlth  they  force 
Horizontally  betwixt  the  Scurf  and. t6fi  f^ongy  Earth,  and  torn  up  the 
Scurf  in  flat  thin  Flakes,  which  thoy  call  Turfs,  It  is  ovekurun  with  the 
frnal^  Roots  df  Heath  dr  Heath^,^  «hflt  Wh(^  dried,  maktt  a  heakby 
brilk  Fire  -,  but  with  much  Afhes  of  a  whitifh,  duflufli,  or  rcddifh  Co- 
lour ;  always  the  whiter,  as  it  contains  more  of  the  woody  Roots. 

The  bkck  fpongy  Earth,  which  isuirfcr  the  Turf,  thw^  cot  out  io 
obtdng  Squares,  with  Iron  Spaded  rniade  xA  that  Shape,  about  8  or  9 
Inches  long,  and  about  4  or  5  Inches  broad  :  And  as  the  Men  cut  thetn 
up,  •  the*  weaker  Men^  Women  and  Children,  carry  them  in  fmatt 
Wheel-barrows,  fcattering  them  ovi  fome  dry  Ground,  to  be  dried  bf 
Sim  arid  Wind :  Some  become  harder,  fome  fofcer,  according  to  the 
Nature  of  the  Mould,  or  Earth  •,  the  mote  foJid,  the  better  Fire  ;  aad 
they  are  Irfs  efteemed,  which  are  more  fpongy.  And  when  they  have 
cut  off  one  Surface,  of  4  or  5  Inches  deep,  they  pmceed  downward  to 
another,  until  at  laft  chey  come  to  the  hard  Channel,  unkfs  they  be 
flopped  by  Water  \  which  aifo  they  ordinarily  remove  by  making  a 
Chacfn^l  Co  fome  Defcenif,  if  they  can  *,  and  if  they  cannot,  there  the 
Wat^r  ftagnates. 

And  in  fuch  wafted  Pits,  where  Water  hinders  to  cut  the  fpongf 

Earth  to  the  Bottom  \  the  Pits  will  be  filled  up  again,  in  a  good  Num- 

i  ber  of  Years,  with  new  Ground  of  fpohgy  Earth  \  which  io  Progreg 

V  of  Tim^  Will  come  to  che  Confluence  <tf  Piat-M^fi^  as  at  firft^  and  a 

;  Scurfy  Heath-  Turf  will  at  laft  grow  on  the  Top  of  it. 

I  MVe  Obfcrved  that  Peat-Pits,  which  have  been  digged  fincc  I  re- 
member, have  grown  up  again  with  new  Peats;  and  that  fometioies 
oft^r  than  once  in  the  fame  Pits  \  fome  Moflfes  growing  in  fhoiter 
Time  than  others.  But  I  have  obfcrved  alfo,  that  when  they  dig  die 
Ptots  to  the  Channel,  and  in  Places  where  the  Water  runs  off,  aad 
doth  not  ftagnate,  that  the  Moffes  did  not  grow,  nor  renew  there 
again'}  which  moved  me  to  order  my  Tenahts  not  to  cut  the  Mofts 
to  the  Channel,  nor  in  very  large  Openings  \  but  rather  in  fmaller  Pits, 
that  they  may  grow  again  more  haftily :  And  the  Event  hath  ^mfwei^d 
my  Defign.  But  ^  RBbtrt  Jdaifthsk  told  me.  That  without  cutting 
the  MofleS,  in  the  Method  of  Pits,  but  by  cutting  in  fully  to  the  Chan- 
nel, and  by  laying  the  heathy  Tuff^  which  is  cut  off  the  Top  of  the 
Mofd,  on  the  Chaml^r,  &  as  to  o&vtf  the  Channel  over,  that  in  Pfo- 
grefs  of  Time  a  Mbfs  would  grow  there  again )  but  not  6>  haftily  as 
in  the  Pits. 

I  never  obferved  iany  of  thefe  Moffes,  which  did  not  ftand  on  Plains: 
Albeit  the  heathy  or  heatheiy  Turf,  do  over-foread  the  Faces  and  Dt- 
clivities  of  the  Scots  Mount^ns  for  the  moft  Part :  There  are  tsxaef 
Moffes  which  ftand  very  high  on  ttefe  Hills ;  fometimes  not  very  br 
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torn  the  fop*  But  the  PeaD-Moffes  are  always  in  a  Plain,  though 
:hcre  be  Defcents  to  them,  ind  Dcfcents  from  them  ;  yet  I  never  ob- 
crved  them  to  ftand  on  fuch  a  Plain,  as  the  Water  might  ftagnate  on  : 
\nd  they  always  have  a  Defccnt  to  them,  from  fome  higher  Grounds, 
Brhereby  Water  did  defcend  to  that  Plain  ;  which  I  take  to  be  the  Pa- 
TntofPeat. 

la  many  of  thefe  Moffes,  there  are  found  Quantities  of  Fir  and  Oak 
iSfood  ;  I  never  cbferved  nor  htod  of  other  Woods  in  them.  Thefc 
ure*  ordinarily  found  in  whole  Trees  5  but  the  fmaller  Branches  arc  fel* 
dorA  found  unconfumed  :  I  have  i^n  very  many,  and  very  great  Trees, 
of  both  Kinds  5  but  generally  fpeaking,  the  Oak  is  always  black  ;  the 
Fif  fometimes  whiter,  fometimes  redder,  as  is  obferved  in  all  Fir- 
Woods  :  But  neither  Fir  nor  Oak  are  found  with  any  Bark  upon  them. 
The  Fir  is  jgerfcratty  as  frefti  and  tough,  and  as  fit  for  Ufe,  as  any 
other  old  W^od  is  :  Only  the  Wood  of  thefe  fotmd  in  Moffes,  has  fo 
imbibed  the  Water,  that  it  takes  a  long  Tiitie  to  dry,  aitd  fit  it  for 
Ufe,  efpecially  the  Oak  5  infomuch,  that  when  it  is  put  into  any  fmall 
Work,  it  readily  warps  and  changes  its  Figure.  We  never  find  any  of 
the  Oaks  ftanding  in  the  Woods,  have  that  Blacknefs ;  fo  that  I  pre- 
fmne^i  the  Blacknefs  accriies  from'  the  Water. 

There  are  many  Placed,  where  Woods  do  not  now  grow ;  albeit 
People  endeavour  to  cultivate  them  ;  and  yet  the  Moffes  in  thofe  Place  s 
are  well  ftored  with  this  kind  of  under-ground  Timber,  both  Oak  and 
tir,  but  efpecially  Fir  •,  fuch  are  Orkney^  the  Lewes  (which  are  Iflcs> 
Catbnefs^  ^arbartnefs^  and  the  Coaft  of  Buchan.  But  yet  it  ^voiiW  ap- 
pear, that  there  have  be^n  Woods  of  old  ifj  thefe  Places,  or  how  cite 
could  they  come  to  thefe  Moffes  ?  For  a  Proof  of  which,  take  the  fol- 
lowing Account : 

In  the  Year  1651.  I  being  then  about  19  Years  old,  and'6(?cafionally 
in  the  Parilh  of  Lochbrun^  paffing  from  a  Place  called  Acbadifcald^  to 
Comazdy  I  went  by  a  very  high  Hill,  which  did  rife  in  a  conftant 
ftcepnefs  from  the  Sea  ;  only  in  lefs  than  half  a  Mife  up  from  the  Sea, 
there  is  a  PlaiD  about  half  a  Mile  round  •,  and  Irom  thence  the  Hill 
rifes  in  a  conftant  Steepnefs,  for  more  than  a  Mile  in  Afcent.  This 
little  Plain  was  at  that  Time  all  covered  over  with  a  firm  ftanding 
Wood,  which  was  fo  very  old,  that  not  only  the  Tree?  had  no  green 
Leaves,  but  the  Bark  was  totally  thrown  off ;  which,  the  old  Q)un-  '':"'-— 
try  men  told  me,  was  the  univcrfal  Manner  in  which  Fir- Woods  did 
terminate;  and  that  in  20  or  jo  Years  after,  the  Trees  Vould  ordina-  ..*i 

rily  caft  themfelves  up  from  the  'Root;  and  that  they  wquM  Jie  in 
Heaps,  till  the  People  would  cut  them,  and  carry  thefn^away.*  They 
likewife  (hew'd  me,  that  the  outfidc  of  thefe  ftanding  white  Ttees, 
and  for  the  Space  of  one  Inch  inward,*  wals  dedd.  whife  Timber';  but 
what  was  within  that,  was  good  folid  Timber,  even  tb^  thfe'very  'Pith, 
and  as  full  of  Rofin  as  it  coiild  ftand  in 'the  Wood. 
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About  fifteen  Years  after,  I  came  the  fame  Way,  and  fa«v  not  fo 
much  as  a  Tree,  or  Appearance  of  the  Root  of  any ;  but  in  the  Place 
thereof,  the  whole  Bounds,  where  the  Wood  had  ftood,  was  all  over 
a  plain  green  Ground,  covered  with  plain  green  Mofs.  I  aiked  the 
Country  People,  who  were  with  me,  what  became  of  the  Wood,  and 
who  carried  it  away  ?  They  told  me,  no  body  was  at  the  Pains  to  cany 
ic  away  5  but  that  it  being  all  overturned  from  the  Roots  by  Winds,  the 
Trees  did  lie  fo  thick  and  fwarving  over  one  another,  that  the  green 
Mofs  (there,  in  the  Britijh  Language  called  is?^)  had  ovctgrown  the 
whole  Timber;  which,  they  fatd,  was  occaGon'd  by  thcMoifturc  duL 
came  down  from  the  high  Hill,  which  was  above  it,  and  did  ftagnate 
upon  that  Plain  \  and  they  faid,  none  could  pafs  over  it,  becaufe  the 
Scurf  of  the  Fog  would  not  fupport  them.  I  would  needs  try  it ;  and 
accordingly  I  fell  in  to  the  Arm-Pits,  but  was  immediately  puil'd  up 
by  them.  Before  the  Year  1699,  that  whole  Piece  of  Ground  was 
turD^'d  into  a  common  Mofs ;  where  the  Country  People  are  diggii^ 
Turf  and  Peats*  The  Peats,  as  yet,  are  not  of  die  beft,  and  are  fof: 
and  fpongy»  but  grow  better  and  better;  and  as  I  am  inform' d,  it  does 
now  afford  good  Peats. 

This  Matter  of  Faft,  did  difcover  the  Generation  of  Mofies  ;  and 
whence  it  is,  that  many  Mofles  are  fumifli'd  with  fuch  Timber. 

Thefe  Highland  Woods  are  ordinarily  ftorcd  with  other  Kind  of 
Timber,  as  Birch,  Alder,  Afh,  befides  Shrubs,  and  Thorns ;  yet  we 
never  find  any  of  thofe  Woods  remaining  in  the  Mofles. 

What  the  Reafon  may  be.  That  the  Fir  and  Oak  do  not  now  grow 
in  feveral  Countries,  where  they  are  found  fo  plentifully  in  the  Moffes, 
Inquirendum  eft.  I  fliall  only  add,  that  in  a  Mofs  near  the  Town  of  £^ 
gin  in  Murray^  though  there  be  no  River  or  Water,  that  runs  into  the 
Mofs,  yet  three  or  four  Feet  in  the  Mofs,  there  is  a  fort  of  little  Sbell- 
Fiih,  rcfembling  Oyfters,  found  numeroufly  in  the  very  Body  of  the 
Peats,  and  the  Fifh  alive  with  them  j  though  no  fuch  Fifti  be  found 
in  any  Water  near  to  that  Mofs,  nor  in  any  adjacent  River,  nor  in  toe 
ftagnating  Pits  that  are  in  that  Mofs  j  but  only  in  the  very  Subftana  of 
the  Turf:  Some  of  which  were  fcnt  to  me  from  the  Place,  a  lialc  be- 
fore I  came  from  Scotland. 

— %n  the  2 .]  What  the  Earl  of  Cromer  He  obferves  in  the  Mojes^  &c.  in  SMtaniy 
Same,  ^  Dr.  ^  j^^ve  found  to  be  true  alfo  in  the  North  of  Ireland.  I  have  been  an 
rfiTp.  3^.  %^-witnels  there,  that  when  the  Turf-diggers  have  come  to  the  Bot- 
tom, or  firm  Ground^  by  having  dug  out  all  the  Earth  proper  to  make 
Turf  or  Pear,  and  come  to  the  Clay  or  other  Soil,  by  draining  off  the 
Water,  that  then  there  have  appeared  Roots  of  Fir-Trees,  with  their 
Stumps  (landing  a  Foot  or  two  ftraight  upright,  and  their  Branches  fprcad 
out  on  every  Side  horizontally  on  that  firm  Surface;  as  if  it  had  been 
formerly  the  outward  Face  of  the  Ground,  and  Place  of  their  Groi^th. 
And  1  have  obferv'd  thefe  Roots  to  be  fomctimcs  fo  near  one  another, 
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as  that  their  Branches  were,  as  it  were,  matteil,  grew  over,  and  gave  " 
place  to  one  another,  as  we  every  Day  ice  in  Roots  of  Trees,  where 
they  grow  too  clofe,  I  faw  once  the  Body  of  a  Fir-Tree  dug  up  fb 
big,  as  to  be  judg'd  fit  for  the  main  Poft  of  a  Wind-Mill ;  which  was 
difcover'd,  as  many  of  them  (which  are  not  found  in  digging  Turf) 
are,  by  the  Grafs,  which  grew  over  it,  beiag  in  a  very  dry  Summer  of 
a  yellowi(h  Colour. 

Mr.  de  la  Pryme  fent  me  fome  of  the  Cones  found  with  this  Timber 
in  the  great  Fens  of  Uncolnfbire^  which  differed  in  nothing  from  thofe 
of  the  Scotch  Fir,  which  is  plentifully  growing  in  Scotland  at  this  Day, 
and  which  fbme  Years  fince  were  judged  fo  proper  by  fome  to  afford 
Mafts  for  the  Navy  Royal,  that  fome  Perfons  were  fent  thither  for 
that  Purpofe.  But  they  were  not  able  to  bring  about  what  they  in- 
tended, by  reafon  of  the  Difficulties  in  the  Roads,  by  which  they  were 
•  to  be  conveyed  to  the  Sea ;  which  in  Norway  I  have  heard  is  in  a  great 
Meafure  cffefted  by  the  Rivers.  Cafar^  indeed,  in  his  Commentaries, 
fays,  that  the  Sorts  of  Timber  in  this  Ifland,  are  the  fame  as  in  France^ 
prater  fagum  £5?  abietem^  except  Beach  and  Fir.  The  Earl  of  Crotnertie 
is  a  fufficient  Witnefs  of  his  Miftake,  as  to  one  Sort  of  thefe  Trees, 
and  the  Beaches  in  the  Chiltem  Countries  near  London^  prove  the  fame, 
as  to  the  other.  For  the  Ufes  of  this  under-ground  Timber,  befidea 
thofe  of  other  Wood,  it  is  fplit  into  Pieces,  and  being  lighted,  fup- 
plies  the  Ufe  of  Candles.  It  is  alfo  made  into  Ropes,  as  may  befcen 
in  the  Mufaum  of  the  Royal  Society,  by  a  long  piece  of  fuch  Rope, 
bought  by  the  Honourable  Edward  Soutbwelly  Efq;  m  Newry  Market  in 
Ireland,  The  long  foaking  in  Water  having  rendered  the  Wood  of 
thofe  Trees  fit  to  be  made  into  Ropes.  This  leems  to  prove,  that  as 
the  foaking  of  Hemp,  Flax,  Aloe  Leaves,  6fr.  in  Water,  diffolvcs 
the  pulpy  part,  and  leaves  the  fibrous  fit  for  making  into  Threads  and 
Ropes,  ft)  the  long  foaking  of  Trees  may  make  in  Length  of  Time 
the  fame,  or  an  analogous  Change  in  thofe  of  Wood  and  Timber.  I 
have  feen  what  I  thought  had  been  Pieces  of  Wood,  not  only  in  Clay- 
pits,  but  even  in  Quarries  or  Stone-pits,  in  the  Blocks  of  Stone  raifed 
out  of  their  Strata^  or  Layers  ;  and  have  been  affured  by  Mr.  Bellers^ 
that  he  hath  feen  large  Pieces  of  Wood  in  the  Stone-pits  in  Gloucejler- 
Jhire ;  and  alfo  in  Lancajhire  there  is  a  Mofs,  or  Turf-Bog,  where  the 
black  fpongy  Mould,  made  ufe  of  for  Peats,  fmells  very  ftrong  of  £i* 
tumeric  or  Petroleum  ;  of  the  Oil  of  which  it  yields  a  very  great  Quan- 
tity by  Diftillation.  And  the  late  Sir  Edward  Hannes  has  told  me,  that 
near  the  Lord  Bleffington's  Houfe  at  Blejftngton  in  Ireland^  there  appeared 
a  Light,  where  the  Horfes  trampled  with  their  Feet  on  a  certain  Space 
of  foft  Ground  :  On  my  Defire  he  procured  me  fome  of  this  Mould, 
which  agrees  cxaftly  in  its  dark  Colour,  Lightnefs,  fcfr.  with  Peat 
Earth.  And  on  Examination  of  this  by  a  Microfcope,  I  found  the 
Light  proceeded  from  many  fmall  half  tranfparent  whitifh  live  Worms, 
which  lay  in  it. 

The 
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The  Blacknefs  of  the  Oak,  comes,  in  my  Opinion,  from  the  vitrio- 
lic Juices  of  the  Earth  foak'd  into  the  Oak,  which  being  aftringcnt,  is 
turn*d  black  by  theni.  Ink  is  made  of  Galls,  an  aftringcnt  Excrefcencc 
of  a  fort  of  Oak  in  Turkey^  made  by  an  Infcft  there  ;  and  of  green  Vi- 
triol, which  is  made  of  the  Pyrites  diffolved  by  Rain- Water,  and  Iron. 
Earth  of  all  Sorts,  and  cvrti  human  Calculi,  and  the  Alhes  of  Vege- 
tables, have  in  them  Particles  of  Iron,  in  greater  or  lefler  Quantities. 
The  Pyrites  is  alfo  very  common.  The  Particles  of  Iron  coming  to 
be  diffolved  by  this  Pyrites,  Subacid,  or  other  Salts  diffolved  by  Wa- 
ter, or  perhaps  by  Water  it  felf,  and  carried  into  thefc  Bogs,  there 
fattens  to  the  Tree,  foaks  into  it,  and  turns  it  black. 

Thefe  Particles  in  fome  River  Water,  fattening  to  the  Oak-Timber 
floated  in  it,  give  the  fame  a  darkilh  Colour,  taken  Notice  of  by  Mr. 
Pepys  in  his  Naval  Memoirs  of  England^  P-  7'-  where  we  are  told  by 
the  moft  famous  Ship-Builders  of  England^  "  That  the  beft  foreign 
*'  Plank  for  the  Royal  Navy,  was  brought  cither  from  Dantzkk^ 
*•  ^inborowy  (that  is  Koningjkberg)  or  Riga^  of  the  Growth  of  Poland 
*•  and  Prujfta^  or  from  Hamburg  \  namely,  that  fort  thereof,  which  is 
*•  fhipped  from  thence  of  the  Growth  of  Bohemia^  diftingui(h*d  by  its 
*•  Colour;  as  being  much  more  black  than  the  other,  and  rendered  fo 
**  (as  is  faid)  by  its  long  fobbing  in  the  Water  during  its  Paffage  thi- 
«  ther/* 

In  the  Turf  Bogs  of  Ireland  14  Feet  deep^  are  found  not  only  the 
Moufe-Deers  Horns,  mentioned  in  one  of  the  Traflfa£lions^  but  like- 
wife  their  whole  Skeletons,  wherein  the  Bones  bear  the  fame  Propor- 
tions to  the  like  Bones  of  other  Deer,  as  the  Horns  bear  to  their  Horns- 
There  are  alfo  found  therein.  Gold  Chains,  f^ieces  of  Money,  and 
Roots  of  Heath,  feveral  mufci^  and  Branches  of  Trees,  fo  foft,  as*  to 
give  no  Refiftance  to  the  Turf-Spade :  And  I  was  told,  that  in  cutting 
Turf  in  one,  they  at  ftveral  Feet  deep  cut  through  what  thtlfi/b  call 
a  Rufkin  of  Butter  (which  was  a  Firkin,  or  Veffel,  made  of  the  Barks 
of  Trees,  ufed  by  the  old /r/^  for  putting  up  their  Butter.)  And  I 
remember,  that  in  digging  the  wet  Dock  at  Deptford^  there  were  found 
at  the  Bottom,  about  nine  Feet  deep,  Grafs  Leaves^  Hazel-Nuts,  and 
^  Roots  of  Trees  :  And  there  was  alfo  found  a  Piece  of  Money,  as  they 
'  caird  it  •,  which  proved  to  be  a  Leaden  Seal  to  fome  Bull  of  Pope  Gre- 
gory the  IX/i&,  who  continued  Pope  from  the  Year  of  our  Lord  1227, 
to  1241. 
*  Vol.  V.  From  Leland^  ♦  who  wrote  in  the  Reign  of  King  Henry  VTII. 
we  may  learn  the  common  Opinion  in  his  Days,  of  the  Caufe  of  the 
Deftruclion  of  Woods,  the  growing  of  Moffes  and  Pools ;  and 
that,  at  that  Time,  in  JVales^  the  Senfe  of  the  Inhabitants  was^ 
that  the  under-growing  Trees  found  there,  had  formerly  grown 
there. 

"In 
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In  thefe  Deycs  in  Miom  where  they  dig^  TiHves  be  fcimde  grcate  Lclandv///./. 
**  Roote$  of  Trees  that  fenre  Men  for  Wood.    For  after  tht  Trees  wef  rstfy,  VoL  V. 
*^  cut  doune  fc^ging  Yerth  and  Mofle  overcoT^id  them,  and  now  the  p- 13* 
^*  faoie  Yerth  pafid  away  for  Turves,  the  old  mayne  Rootes  ^pere. 

**  Likewife  at  low  Water  about  al  the  Ihores  of  both  Shores  of 
*•  AhcrdHn  and  ^M)en  Mmcmth  ^pere  Kke  Rootes  of  Trees. 

*'  I  faw  hard  by  on  the  lift  Honde  a  great  Fenny  More,  owt  of  wich     p  ^^ 
•f  the  Inhabitantes  therabout  digge  Turfs  for  Fier,   and  by  the  fame 
*•  Fenne  is  a  fair  LL/»,  cawUid  LUnridde  ii  Miles  from' Stratefim-. 

**  Straiefiure  is  fet  round  about  with  Montanes  not  far  difUnt,  except     p.  6i. 
•*  on  the  Weft  Parte,  wher  iHffrin  Tyve  is.     Many  Hilles  therabout 
*'  hath  bene  well  woddid,  as  evidently  by  old  Rotes  apperith,  but 
**  now  in  them  is  almoft  no  Woode. 

.  "  The  Cauffes  be  thefe  ;  Firft  the  Wood  cutt  doun  was  never  copi- 
**  fid,  and  this  hath  beene  a  great  Caufe  of  Dcftruftion  of  Wood  tho- 
•'  rough  IVaUs.  Secondly  after  cutting  doun  of  Woddys  the  Gottys 
•*  hath  fo  byttcn  the  young  Sprmg  that  it  never  grew  but  like  Shrubbes.  . 
•'  Thirddely  Men  for  the  nbnys  deftroied  the  great  Woddis  that  thei 
*'  fhould  not  harborow  Theves. 

"  From  Whitchurch  a  Mile  and  a  half  of  I  cam  by  the  Pale  of  the  p,  y- 
*•  lai^e  Parke  of  Blakmer  longging  to  the  Erie  of  Shreufiiri^  wherein  is  a 
**  very  fair  Place  or  Loge.  The  Park  hath  both  reddc  Dere  and  falow. 
**  In  the  Parke  (as  I  hard  fay)  be  iii.  faire  Poles,  of  the  wich  I  faw 
"  by  the  Pale  the  largeft  called  Blakeiny  whereof  the  Park  is  namid. 
•  '  **  It  is  to  be  fuppolid  that  thes  Pooles  for  the  moft  part  in  Morifch 
•^  Groundes,  and  lying  fumwhat  in  low  Groundes,  dreane  the  moid 
**  Places  about  them,  and  fo  having  no  Place  to  iffue  owt  ftagne  there, 

**  Sum  be  likclyhod  have  bcgon  of  Mark  Pittcs..  For  the  Sandy 
••  Grounde  of  fum  Parts  6f  Stropjbire^  and  cfpecially  of  Cbeftreftdn: 
*•  and  Lancaftre/hire^  will  not  bere  Corne  plentifully  but  it  be  merlyd.. 

"  From  blakemers  to  Byktem  in  a  Foffe  iii.  Miles  of  Sand  hard  by 
•*  Cbttlmeley^  firft  I  faw  the  great  Numbre  of  Firre-Trees,  the  wiche^ 
**  the  Inhabitants  thereby  communely  digge  up  for  Fier  Wood,  but. 
"  there  did  I  fe  no  Fyrre-Trees  grouing.  Oftentimes  in.diggin  in  this^ 
••  Mofle  or  More  for  Petes  or  Turves  they  finde  the  hole  Trees  of  the: 
^  firft,  fum  (hort  and  fum  veri  long,  without  Twike  or  Bow,  lying 
**  fumtime  not  aFoote,  fumtime  iii.  or  iiii.  Foote  depe  in  the  Grounde, 
**  but  how  or  when  thes  Trees  cam  doune  ether  be  cutting  or  Wind 
•'Faulle  no  Manne  ther  can  telle.  The  Wood  of  them  in  Burning 
**  favorith  of  Refine. 

"  Marie  (in  Darbyjhire)  Mr.  Lelandes  Place  is  buildid  faving  the  Fun-  -r- 
*'  dation  of  Stone  fquarid  that  rifith  within  a  great  Moote  a  vi.  Foote  ' 
"  above  the  Water,  all  of  Tymbre  after  the  commune  fort  of  building 
•*  of  Houfes  of  the  Gentilmen  for  moft  of  Lancaftrefbire:     There  is  as 
*•  much  Pleafur  of  Orchardes  of  great  Varite  of  Frute  and  fair  made 
"  Walkes  and  Gardines  as  ther  is  in  any  Place  of  Lancafirejhire,    He^ 

'*  brennith. 
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*'  brennith  ai  Turfes  and  Pttcs  for  the  Comtnodidc  of  Mbffes  tod 
**  Mores  at  hand.  For  Chateley  Mofle  that  with  breking  up  of  A- 
**  bundancc  of  Water  yn  hid  did  much  hurt  to  Landcs  thereabout^  and 
•*  Rivers  with  wandnng  Mofle  and  corrupte  Water,  is  within  lefs  than 
•'  a  Mile  of  Mork.  And  yet  by  Mork  as  in  Heggc  Rowes  and  Grovettes 
'*  is  meatcly  gqod  Pienti  of  Wood,  but  good  Hulbandes  keep  hit  for 
"  a  Jewell. 

"  Syr  John  Holcroftes  Houfe  within  aMilc  or  nK)re  of  MerU  ftood  in 
*^  jeopardi  with  fleting  of  the  Mofle, 

*•  Riding  a  Mile  and  more  beyond  Mnrle  I  faw  on  the  right  hond  a 
**  Place  nere  by  of  Mr.  Adderton,  and  fo  a  ii.  Miles  of  to  Lidiate  Afofej 
*•  in  the  right  fide  wherof  my  Gidc  faid  that  ther  were  Rooccs  of  Fyrre 
**  Wood, 
p.  8 1 .  "  AI  Aundemeffe  for  the  moft  parte  in  time  paft  hath  been  fiil  of  Wood, 

"  and  many  of  the  Moorcs  replenilhid  with  hy  Fyrre  Trees. 

Ohfervations  XVII.  I  havc  madc  fome  Obfervations  relating  to  the  different 
/«  CoS*^*  5/rtf/a  of  Earths  and  Minerals  found  in  the  Coal-Mincs  of  Mendp 
Mines,  l^e.  ^^  Somerfetjhire.  The  Draught  {,Fig.  37.)  you  muft  fuppofc  the  Scc- 
^jr  J.  Strachcy,  tion  of  a  Coal  Country,  and  to  take  in  about  four  Miles  from  the  North- 
Efqifi.  360.  Weft,  to  the  South-Eaft,  and  may  be  applied  to  the  Veins  of  Coal,  as 
^  r^  %7  ^^^^  ^^  Faringdon  Gourneyy  and  likewife  at  BipcpSutton^  which  lafl: 
Place  is  near  Stowy^  but  in  the  Parilh  of  Cbew-Magna  in  Som&rftifixrt. 
For  Difcovery  of  Coal  they  firft  fearch  for  the  Crof^  which  is  really  Coal, 
thou^  very  friable  and  weak,  and  fometimes  appears  to  the  Day,  as 
they  term  it,  or  elfe  for  the  Cliffy  which  is  dark  or  blackifh  Rock,  and 
always  keeps  its  regular  Courfe  as  the  Coal  docs,  lying  obliquely  over 
it :  For  all  Coal  lies  Ihelving  like  the  Tyle  of  a  Houfe,  not  Perpendi- 
cular nor  Horizontal,  unlcfs  it  be  broken  by  a  Ridge,  which  is  a  part* 
ing  of  Clay,  Stone  or  Rubble  ;  as  if  the  Veins  by  fome  violent  Shock 
were  disjointed  and  broken,  fo  as  to  let  in  Rubble,  i£c.  between  them. 
The  Obliquity  or  Pitchy  as  they  term  it,  in  all  the  Works  hereabout, 
is  about  22  Inches  in  a  Fathom ;  and  when  it  rifeth  to  the  Land,  is 
called  the  Crop^  but  in  the  North  Bajfeiing.  In  the  Works  near  Stowy^ 
and  likewife  at  Faringdon^  it  rifeth  to  the  North- Weft,  and  pitcheth  to 
the  South-Eaft ;  but  the  farther  they  work  to  the  South- Weft,  the 
Pitch  inclines  to  the  South  ;  and  e  contra^  when  they  work  towards  the 
North-Eaft.  So  likewife  they  obferve,  as  they  work  to  the  South- 
Weft,  when  they  meet  with  a  Ridge^  it  caufcth  the  Coal  to  trap  uf  \ 
that  is,  being  cut  off  by  the  Ridge^  they  find  it  over  their  Heads  when 
they  are  through  a  Ridge :  But  on  the  contrary,  when  they  work 
through  a  Ridge  to  the  North-Eaft,  they  fay  it  traps  down,  that  is, 
tliey  find'  it  under  their  Feet. 

Coal  is  generally  dug  ip  Valleys  or  low  Grounds.  The  Surface  in 
thefe  Parts  is  rooftly  a  red  Soi^  which  under  the  firft  or  fecond  Spitt 
degenerates  into  Malm  or  Loom^  and  often  yields  a  Rock  of  Reddifh 

Fire^ 
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fireftone^  till  you  come  to  four,  five,  and  many  Times  to  twelve  or  four- 
teen Fathom  depth,  when  by  Degrees  itchangeth  to  a  grey,  then  to  a 
dark  or  blackifli  Rock,  which  they  call  the  Coal  Clives.  Thefe  always  • 
lie  (helving  and  regular  as  the  Coal  doth.  But  in  thefe  Parts  they  ne- 
ver meet  with  Ftreftcne  over  the  Coal,  as  at  Newcaftle  and  in  Staffordjhire. 
Thefe  Clives  vary  much  in  Hardnefs,  in  fome  Places  being  little  harder 
thdx^  Malm  or  Loom^  in  others  fo  hard  as  that  they  are  forced  to  fplit 
them  with  Gun-powder :  So  likewife  in  Colour,  the  Top  inclining  to 
red  or  grey,  but  the  nearer  to  Coal  the  blacker  they  grow-,  and 
wherefoever  they  meet  with  them  they  are  fure  to  find  Coal  under 
them.  But  to  their  Difappointment  'tis  not  always  worth  the  dig- 
ging. The  firft  or  uppermoft  Vein  at  Sutton  is  called  the  Stinking  Vein. 
It  is  hard  Coal,  fit  for  mechanick  Ufes,  but  of  a  fulphurous  Smell. 
About  five  Fathom  and  half,  feldom  more  than  feven  Fathom,  under 
this  lies  another  Vein,  which  from  certain  Lumps  of  Stone  mix*d  with 
it  like  a  Caput  mcrtuum^  not  inflammable,  called  Cats-bead^  they  call 
the  Cathead  Vein.  About  the  fame  Depth  under  this  again  lies  the 
^bree  Coal  Vein^  fo  called  bccaufe  it's  divided  into  three  different  Coals  -, 
between  the  firft  and  fecond  Coal  is  a  Stone  of  a  Foot,  in  fome  Places 
two  Feet  thick  \  but  the  middle  and  third  Coal  feem  placed  loofe  on 
each  other,  without  any  Separation  of  a  different  Matter.  Thefe  three 
Veins  before-mentioned  are  fometimes  workM  in  the  fame  Pit:  But  the 
next  Vein  which  I  am  going  to  mention,  is  generally  wrought  in 
a  feparate  Pit ;  for  though  it  lies  the  like  Depth  under  the  other,  the 
Cliff  between  them  is  hard  and  fubjeft  to  Water  -,  wherefore  I  have 
reprefented  a  Pit  funk  through  the  three  upper  Veins  at  A^  and  another  Rg.  37; 
funk  upon  the  three  Coal  Veins  only  at  B  ;  and  fo  if  they  fink  on  any 
of  the  lower  Veins  they  go  more  to  the  North- Weft. 

Next,  under  the  three  Coal  Veins  is  the  Peaw  Vein,  fo  denominated 
becaufe  the  Coal  is  figured  with  Eyes  refembling  a  Peacock's  Tail, 
gilt  with  Gold,  which  Bird  in  this  Country  Dialeft  is  called  a  Peaw. 
The  Cliff  2M0  over  this  Vein  is  variegated  with  CockU-Jhetls  and  Fern- 
Branches^  and  this  is  always  an  Indication  of  this  Vein,  which,  as  I  be- 
fore hinted,  is  always  fcarched  for  about  15  Fathom  to  the  North- Weft 
of  the  former. 

Under  this  again,  between  five  and  fix  Fathom  lies  the  Smithes  Coal 
Vein^  about  a  Yard  thick ;  and  near  the  fame  Depth  under  that  again, 
the  Shelley-Vein :  And  under  that  a  Vein  of  10  Inches  thick,  which  be- 
ing little  valued,  has  not  been  wrought  to  any  Purpofe. 

Some  fay  there  is  alfo  another  under  the  lair,  but  that  has  not  been 
proved  within  the  Memory  of  Man.  At  Faringdon  they  have  the  fame 
Veins,  which,  as  I  am  informed,  agree  in  all  P'arts  with  thofe  of  Bijbop- 
Sutton  before-mentioned.  But  as  Faringdon  lies  four  Milds  Sourfi-Eaft 
♦from  BiJhop'Suttony  fo,  in  the.  regular  Courfe,  they  would  lie  a  Mile 
and  a  half  deeper  than  thofc  at  Sutton.    But  as  in  Faft  they  are  dug 
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near  the  fame  Depth,  it  follows  there  muft  be  a  Trap^  or  ieTeral 
^raps  downj  which  in  all  muft  amount  to  that  Depth  between  the  fsld 
Works. 

Between  Faringdon  and  High  Littleton  the  fame  Veins  fcem  to  retaia 
their  regular  Courfe ;  but  at  Littleton  their  undcrmoft  ancf  deepeft  \6sx 
is  the  beft  Coal,  which  at  Faringdon  proves  fmal!. 

On  the  other  hand,  in  the  Parifli  of  Stanton-Drew^  to  the  North-Eaft 
of  the  Coal-works  at  Sutton  aforefaid,  about  a  Mile  diftant,  and  in  the 
true  Courfe  with  thofe  at  Sutton^  the  fame  Veins  are  found  again. 
But  here  they  wind  a  little,  and  their  Courfe  or  Drift  runs  a]moft 
North,  and  they  dip  to  the  Eaft;  which  Winding  is  attributed  to 
RidgeSy  which  the  Workmen  have  met  with  on  both  Sides,  and  have 
occafioned  them  to  difcontinue  the  Work  that  way.  At  Stanton  they 
have  little  of  the  red  Earth  or  Malm  on  the  Surface,  but  come  imme- 
diately to  an  Iron-Grit t  or  grey  Tile  Stone^  which  is  a  Fore-runner  of  the 
Coal  CUves',  in  all  other  Matters  they  agree  with  the  Works  near 
Stowy. 

In  the  fame  Pari(h  of  Stanton-Drew^  a  little  to  the  Eaftward,  thty 
have  another  Coal-work,  but  the  Veins  are  in  all  Refpefts  different 
from  the  former.  Their  Drift  or  Courfe  is  to  the  Eleven  a-Clock  Sun, 
as  they  term  it,  they  Pitch  to  the  Five  a-Clock  Morning,  and  rife  to 
land  \  confequently  to  the  Five  a-CIock  Evening  Sun.  They  have 
feveral  Veins,  but  as  yet  only  three  are  thought  worth  working.  The 
uppermoft  about  three  Feet  thick  fmall  Lime  Coal.  The  next  is  about 
three  Fathom  under  it,  about  two  Feet  and  an  half  thick,  fit  for  culina- 
ry Ufes :  The  undermoft  is  about  the  like  Depth  under  the  former,  only 
10  Inches  thick,  but  good  hard  CoaJ. 

At  Clutton^  about  two  Miles  from  thefe  latter,  in  the  fame  Drifr, 
viz.  almoft  to  the  South  Eaft  and  by  South,  thefe  laft  Veins  appear 
again.  The  Surface  here  is  red,  and  fo  continues  to  ten,  and  fomc- 
times  to  fourteen  Fathom,  and  in  other  Refpefts  agree  with  tlie  laft 
mentioned  Works  at  Stanton-Drew. 

At  Burnet^  ^eenCbarlton,  and  Brijleton^  they  have  four  Veins  which 
pitch  to  the  North  nearly,  and  confequently  the  Drift  lies  almoft  Eaft 
and  Weft.  The  Surface  is  red  Land  generally  to  the  Depth  of  tour  or 
five  Fathom.  The  uppermoft  is  from  three  to  fix  Feet  thick  at  hrifie- 
ton^  but  kfs  at  Charleton  and  Burnet.  The  next  call'd  Pot-Feinj  is  fix 
Fathom  under  the  former,  eighteen  Inches  thick,  all  hard  Coal.  Tbrrd- 
ly^  The  Trench-Vein^  fcven  Fathom  under  the  other,  which  is  from  two 
Feet  and  a  half  to  three  Feet  thick,  all  folid  Coal.  Fourthly^  Rock- 
Veiny  always  diftinguiflied  by  a  Rock  of  Paving-Stone,  called  Penant, 
lying  over  it,  which  Rock  is  fometime  twenty  Feet  thick  or  more,  r^^.d 
therefore  this  Vein  is  never  wrought  in  the  fame  Pit  with  the  forr v  r 
Vein,  but  about  2  00 'Yards  more  to  the  South,  or  to  Land^as^^*"  y 
term  it.    It's  computed  fcven  Fathom  under  the  former. 
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This  is  all  I  can  fay  in  Relation  to  the  different  Veins  of  Coal  and 
Earth  in  the  Coal-works  in  thefe  Parts  •,  wherein  all  agree  in  the  ob- 
lique Situation  of  the  Veins  \  and  every  Vein  hath  its  Cliff  or  CUvei 
lying  over  it,  in  the  fame  oblique  Manner.  All  of  them  pitch  or  rife 
about  twenty- two  Inches  in  a  Fathom,  and  almoft  all  have  the  fame 
Strata  of  Earth,  Malm,  and  Rock  over  them,  but  differ  in  refpedt  to 
their  Courfe  or  Drift,  as  alfo  in  Thicknefs,  Goodnefs,  and  Ufc.  ' 

Now  as  Coal  is  here  generally  dug  in  Valleys,  fo  the  Hills  which  in- 
terfere between  the  feveral  Works  abovemention'd,  feem  alfo  to  ob- 
ferve  a  regular  Courfe  in  the  Strata  of  Stone  and  Earth  found  in  their 
Bowels.  For  in  thcfc  Hills  (I  mean  thofe  only  that  are  difpcrfed  be- 
tween the  Coal- works  above-mention*d)we  find  on  the  Summits  a  fto- 
ny  Arable  mixt  with  a  fpongy  yellowifti  Earth  and  Clay;  under  which 
are  Quarries  of  Lyas^  in  feveral  Beds,  to  about  8  or  lo  Feet  deep,  and 
fix  Feet  under  that,  through  yellowilh  Lfiom^  there  is  a  blue  Clay  in-  ^ 

cHnable  to  Marle^  which  is  about  a  Yard  thick :  Under  this,  is  ano- 
ther Yard  of  whitilh  Loom^  and  then  a  deep  blue  Marie,  foft,  fat,  and 
foapy,  fix  Feet  thick  •,  only  at  about  two  Feet  thick  it  is  parted  by  a 
Marckafite  about  fix  Inches  thick. 

It  is  to  be  obferved,  that  thefe  Beds  of  Stone  and  Marky  different  from 
Coaly  lie  all  horizontal. 

XVIII.  I.]  About  half  a  Mile  from  Recuher  towards  Hermj  thcrtQftheFoms 
appear  in  the  Cliff  Strata  of  Shells  in  a  greenifli  Sand ;  they  feem  to  be  ^.]^^"^^*' 
firm,  and  fome  of  them  are  entire,  but  when  you  go  to  take  them  from  jif^s^Groy 
their  Beds,  they  crumble  to  Powder  between  your  Fingers ;  but  that  n.  368.  p.  76a . 
which  is  mofl:  remarkable,  is,  that  in  the  lower  Part  of  the  Strata,  where 
the  Shells  are  more  thickly  difperfcd,  there  lies  fcatter'd  up  and  down 
Portions  of  Trunks,  Roots,  and  Branches  of  Trees ;  the  Wood  is  be- 
come as  black  as  Coal,  and  fo  rotten,  that  large  Pieces  of  it  are  eafily 
broken  with  one*s  Fingers.     I  know  not  what  Depth  thefe  may  lie,  the 
Strata's  Surface  not  appearing  above  two  Feet  from  the  Beach,  but  I 
judge  it  from  the  Superficies  of  the  Top  of  the  Cliff,  about  12  Feet.     I 
faw  the  Stump  of  one  Tree  fl:anding  upright,  broken  off  about  a  Foot 
from  the  Ground.     The  Shells  were  of  the  White  Concbites. 

2.]  It  is  very  likely,  that  the  Black  Wood,  mentioned  by  Mr.  Gray,  —  ^Remark 
is  Oak,  which  has  lain  fo  long  as  to  be  turn'd  of  that  Colour  by  the  vi- 1?  ^^'  ???* 
triolic  Juices  of  the  Earth,  in  which  it  has  lain  ;  as  Galls  and  a  Solu-         * ' '  * 
tion  of  Vitriol  turn  of  that  Colour.     I  never  faw  any  Oak  that  had  lain 
any  Time  in  any  Kind  of  Earth,  where  Water  came  to  foak  into  it, 
that  was'  not  turned  of  that  Colour :  And  I  have  feen  many  Trees  of 
Black  Wood  of  great  Bignefs,  taken  up  (as  well  as  leffer  Pieces)  and  all 
of  it  was  Oak.     It  looks  at  firft  taking  up  like  Ebony,  is  very  ponde- 
rous, but  as  it  dries,  it  fplits,  grows  friable,  light,  and  comes  to  be 
good  for  little. 
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XIX.  I.]  The  State  of  FqffiU  is  quite  difFerent  in  EJfeXy  from  what 

eTfo^^ly  ^^  ^^  *"  IFaks  and  Ireland.     In  thofe  Countries  the  Shells  arc  generally 

Mr.E.Lhuyd.  CryftalUne^  but  in.£//^x  (and  fometimes  about  us  at  Oxford)  cheyare 

n.  291.  p.     *TeJiaceou5 :  Which  Difference  isy.doubtlefs,  to  be  attributed  to  the  Soil, 

^  5^6.  and  particularly  to  Chalk  and  Flint,  which  all  thofe  Countries  want, 

excepting  a  fmall  part  (I  know  not  by  what  Chance  of  Diluvum  Dif- 

felution)  got  into  the  Norib  part  of  Ireland.     But  there  *tis  remarkable 

that  their  Chalk  is  abfokitely  petrify'd :  I  mean,  whereas  the  Flints  are 

here  imbodied  in  Chalk,  they  are  there  in  a  Chalk-white  Ume-ftene. 

And  as  chalky  Countries  only  afford  thofe  Ecbinita  I  have  ftird  Pik* 

atiiSj  Galeatus^  and  Cordatus\  fo  I  could  never  find  them  in  all  my 

Travels,  but  at  that  Place ;  from  whence,  in  the  Time  of  Pagamjm^ 

the  Druids  procured  them,  and  fold  them  amongft  our  Ncribem  Brium 

for  Stones  of  oiiraculous  Efficacy  againft  Perils  by  Fire  and  Water; 

perfuading  the  Vulgar  they  were  generated  in  Cocks  Knees^  as  Thou- 

lands  in  the  Higb-lands  believe  at  this  Day.     And  one  Fellow  had  the 

Impudence  to  tell  me  (finding  me  a  little  hard  of  Belief)  that  he  him- 

felt  had  taken  one  (that  his  Mafter  had  fhewM  me)  out  of  a  Cock's 

Knee  with  his  own  Hand. 

We  were  furprizM  here  at  Oxford^  to  find  fo  many  FoffUsy  fcarce  dif- 
tinguilhable  from  Sem  Sbells ;  the  Cafe  being  ufually  otherwife  in  thofe 
places  I  fearched.  We  have  indeed  in  thefe  Parts,  one  or  two  F^gU 
Sbells  gf  a  Tefiaceous  Subftance,  but  in  Colour  they  recede  farther  from 
thofe  of  the  Sea,  than  thofe  in  EJfex.  I  find  that  thofe  in  E£Sfx  are 
fometimes  found  imbedded  in  folid  Stone ;  which  takes  off  any  Objec- 
tion fome  might  offer,  of  their  being  an  accidental  fcattering  of  Gtdls^ 
Crowsy  &c.  on  tht  Hamricb  Oiffs. 

Of  Harwich      2-]  Harwicb  Oiff  is  a  fort  of  Promontory y  which  divides   Oftcrf 
Cliff,  and  itj  Haven  from  the  jEfiuarium  contained  between  that  and  WaUon  Nafe-^ 
s^nai  ^"^^S'  ^'  '^  fituate  on  the  fouthern  Part  of  the  Town,  about  a  Quarter  of 
P   1568  ^^^Mile  diftant,  or  not  fo  much,  and  contains  many  Acres  of  Land. 
The  Height  of  it  from  the  Strand  or  Beach  to  the  Top,  where  it's  highcfi, 
is  40  or  50  Feet.     At  the  Bottom  of  this  Cliff,  there  is  a  Straium  d 
Clay  about  a  Foot  thick,  which  is  fucoeeded  by  another  of  Stone  for 
a  Foot  more  -,  in  this  Stratum  of  Stone  are  imbedded  divers  Shells 
(though  but  thinly)  as  well  of  the  Turbinate^  as  Bivalve  Kind,  and  alfo 
Pieces  of  Wood  and  Sticks  \  over  this,  are  divers  Strata  of  blueilh 
Clay,  about  the  Height  of  twenty  Foot,  or  more ;  this  Clay  hath  P>- 
rites  or  Copperas  Stones,  (ticking  in  it,  but  no  Shells,  that  I  could  cb- 
ferve :  Above  this,  are  likewife  divers  Stratay  which  reach  ta  widiin 
about  two  Feet  of  the  Surface,  fome  of  which  are  only  of  fine  Sand^ 
other  fmall  Stones  and  Gravel,  mixt  with  Fragments  of  Shells,  and 
in  others  fmall  Pebbles  are  mixt ;  and  it  is  in  fome  of  thefe  laft  men- 
tiohed  Strata^  that  the  FoJ^  Sbells  are  imbedded,  which  lie  promif* 
cuoufly  together,  I  mean  the  Bivalve  or  Turbinate 'yntixh6r  do  the 
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Strata  with  the  Shells  obferve  any  Order  in  their  lying,  bdiig  fotae- 
times  higher,  and  fometimes  lower  in  the  Cliff;  and  fomedmes  2  or 
3  one  above  another  with  other  Strata  of  Sand,  Fragments,  and 
Gravel,  between.  Above  all  thefe,  is  a  Covering  of  comttion  fendy 
Earth,  which  is  about  2  Feet  thick,  in  which,  in  fome  places  are 
Veins  of  a  Species  t^OJhocolla,  though  more  tender  than  OfteoeoUa  Offid- 
narumy  which  is  brought  from  Germajty :  This  I  call  OfiedcoUa  jingli^ 
fonay  it  doth  incruft  about  fmall  Strings,  like  the  Fibres  of  the  Roots 
of  Trees,  it*s  of  divers  Magnitudes,  and  fends  forth  Branches  here  and 
there,  but  is  fp  tender,  as  not  to  be  gotten  out  of  the  Earth  in  any  large 
pieces.  Whether  like  the  German  it  appears  above  the  Earth,  I  never 
could  difcover, 

Before  this  Cliff,  the  Shore,  as  far  as  the  ebUng  of  the  Sea  would 
permit  my  Obfcrvation,  was  rudely  paved  with  Stones,  divers  of  which 
are  vein'd  with  that  fort  of  Body,  which  by  Helmont  and  other  latter 
Natiiralifts,  is  called  Ludus  Paracelfi:  Of  thefe  Stones  the  Inhabitants 
have  a  Tradition,  that  they  are  form'd  by  the  Clay,  which  tumbling 
down  from  the  Cliff,  and  being  wafhed  by  the  flowing  of  the  Sea, 
are  in  a  ihcNrt  Time  converted  into  Stone ;  and  Mr.  Silas  Baylor  in  his 
Manufcript  CeUeSions  of  Harwich  and  Bovercourt,  fa  Copy  of  which  I 
have)  thus  writes  concerning  it.  ^be  Wajbing  of  thefe  Cliffs  difcovers 
a  blueifi)  Clay^  which  tumbling  down  upon  the  Shore^  althc^  wafoed  by  the 
Sea  at  High-water^  within  afhort  time  turns  into  Stone:  There  they  may 
hefeen^  fome  that  are  new  fallen  j  asfoft  as  the  Clay  in  the  Cliff-,  and  others 
that  have  lain  there  longer  j  crufted  over  and  bard^  hut  if  opened  or  troko^ 
the  Clayftillfoft  in  the  middle ;  others  that  have  lain  longefi  petrified  to  the 
vtry  hearty  and  with  thefe  the  Walls  of  the  Town  are  for  the  mofi  part 
built,  and  the  Streets  generally  are  pitched.  How  far  this  is  Matter  of 
Faft,  I  will  not  determine,  my  Stay  at  Harwich  being  alwaws  too  fhort 
for  me  ta  make  Obfervations  fo  critical  as  this  Phanomenon  doth  de- 
fcrve ;  and  although  I  muft  at  the  fame  time  own,  that  many  of  the 
Stones  are  walhed  out  from  the  Stratum,  at  the  Bottom  of  the  Cliff; 
yet  I  have  fometimes  been  inclined  to  Mr.  Taylor"^  Opinion,  becaufe  he 
lived  long  upon  the  Spot,  being  Store-keeper  of  the  Ksnfs  B$tiiding^yard 
for  many  Years,  and  by  his  CoUeHions,  &c;  feems  to  be  aperfon  of  pro- 
bity and  Learning ;  and  alfo,  becaufe  divers  of  the  laid  Stones  have 
Cracks  or  Chops  in  them,  as  Clay  and  Earth  will  have  by  being  expofed 
to  the  Sun  -,  and  there  is  yet  [Anno  1702,!  lying  upon  that  Shore  a 
Stone,  in  which  a  large  pile  (perhaps  of  Oak)  fuch  as  wasr  formerly 
made  ufe  of, there,  to  preferve  the  Cliff  from  the  Injuries  of  the  Sea, 
doth  evidently  appear  to  be  imbedded ;  which  can  owe  its  Situation  ta 
.no  other  Original,  than  by  being  preft  into  the  Superficies  of  the  Qay, 
while  foft,  and  petrifying  with  it,  which  being  fqtiare,  takes  off  an  Ob- 
jeftion,  which  fome  might  make,  had  it  been  round,  of  its  being  lodg- 
ed tliere  in  the  general  Deluge, 
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I  am  rtot  infcnfiblc,  that  this  Manner  of  Petrification  is  not  only  dif- 
ferent frpm  the  common  Methods  Nature  ufes  in  that  Operation,  but 
alio  is  oppos'd  by  divers  learned  and  ingenious  Men ;  as  particularly 
by  the  Reverend  Mr.  John  Morton  in  Oxendon  in  Nortbamptor^ire^  wbofe 
Thoughts  upon  this  Subjcft  I  fhall  tranlcribe  from  a  Letter  of  his,  to 

me,  dated  Augujt  4,  1699. At  Harwich,  under  the  Cliffy  upon  the 

Sea-JborCy  there  is  a  Stratum  of  a  Clayey-Stone,  ii^htcb  is  covered  bere 
and  there  with  ragged  Stones  of  a  clofer  texture^  which  iias  former^  (I 
conjecture)  another  entire  Stratum,  iut  is  broken  thus  by  the  Tearing  of  the 
Waves,  y/^^  Clayey-Stone  Stratum,  il4r.  LufFkin,  and  you^  w&e  of  opi- 
nion^ bad  been  formerly  afofter  Subjlance^  hut  was  daily  petrified  by  the  >ea 
Water,  Having  argued  a  little  about  it^  when  turning  to  the  Cliffy  I  found 
a  Stratum  there^  of  the  very  fame  fort  ej/"  Clayey- Stone,  with  that  upon  the 
Hhore  \  yet  the  Sea  Water  very  feldom  comes  up  hither^  unlefs  by  Storms^  and 
at  Spring' tides.  I  broke  a  little  piece  off^  and  fhew*d  it  to  you^  and  then 
you  was  convinced  (I  think)  it  was  not  hardned  or  petrified  by  the  Sea  Wa- 
ter^ but  in  its  natural  fiate.  And  I  have  often  met  with  jujt  fucb  fort  of 
Stone  in  many  of  our  Stone- Pits  here^  in  Inland  Countries.  It  appears  to  jbw, 
that  the  Water  Jhould  have  rather  foftnedy  than  hardned  the  Stone  upon  the 
-Shore^  tho"  by  wajhing  away  the  loifer  Clayey  matter  and  other  Earthy  fiuff^ 
that  is  fometimes  left  upon  it  at  the  ebhy  it  might  feem  to  be  a  fort  of  Pe- 
tri fication,  and  occafion  this  mifiake. 

As  to  Petrifaftions :  Tve  only  obferved  thefe  three  forts,  ift,  A  Stony 
Incruftation,  upon  Sticks  and  any  thing  that  lies  in  the  way^  in  the  Petri- 
fying  Springs ;  the  Earth  in  tbofe  Waters  is  ufualfy  intermix t  with  pariteles 
of  Stone^  that  trickle  down  into  it  with  the  Watery  and  are  there  detailed. 
Of  thisfirft  fort  you  have  doubt lefs  many  inftances  in  Eflex,  and  I  think  there 
is  one  at  Harwich  Cliffy  tbo^  this  in  my  opinion  is  not  fo  properly  calPd  a 
Perrifaftion.  2dly,  The  fecond  fort  is  thaty  which  is  performed  by  the  Per- 
meation ^  Infinuation  of  the  finer  forts  of  Sto^ry  Particles,  as  it  is  in  the 
cafe  of  fome  of  our  Petrifying  waters^  (I  believe)  particularly  that  at 
Knarefborough  fometimes  ;  the  Stony  particles  however  of  the  Knarelbo- 
rough  Spring  are  very  fine.  And  manjf  of  the  Foffil-fhells  have  under- 
gone the  fame  fate.  3dly,  The  thirdj  which  indeed  is  a  Petrificztiony  pro- 
.perly  fo  cairdy  is  often  met  with  on  the  fides  of  Caves  and  Grotto's,  at 
Pooly-hole  in  the  Peak,  and  in  the  Fiffures,  and  Clefts  of  Mines  and 
Quarries.  Of  this  kind  are  the  fsveral  forts  of  FJuors,  the  Lap,  Stilla- 
titii,  Stalagmitae,  &c.  that  we  meet  with  in  the  Fiffures,  and  Hiatus's  of 
the  Earth.  Thefe  are  continually  growing  (as  they  vulgarly  fay)  that  is^  arc 
recaving  an  additional  increafe  of  real  and  fetid  Stoney  as  is  obferoed  in 
many  Caves  in  /i^  Peak,  fcfc.  This  I  take  to  be  performed  In  fucb  a  man- 
ner y  as  the  Incrufltations  are^  viz.  the  particles  of  Stone  are  brought  along 
with  the  Water^  as  their  Vehicle,  and  are  depofited  at  length  upon  tbefides- 
of  the  Cave  or  Fiffurc,  {this  is  matter  of  fail y  that  there  is  alivays  a  wa- 
try  Streamy  andufually  Water  trickling  down  upon  the  fides  of  tbofe  C^vcs} 
iut,here^  tbf  Particles  of  Stone  are  extremely  minute  and  fmcy  and  do  there- 
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iy  naturally  concrete  and  join  together  very  clofi\  whereas  in  otirhiCXV&A^ 
tions  the  Particles'  of  Stone  being  gr offer y  the' Stone  is  rough  andcoarfe^  and 
friable.   And  this  I  leave  to  your  Judgment^  if  it  be  not  a  mort  teafonabks 
Hypothefis  thanthat  of  Dr.  Plot,  in  pag.  33.  of  his  Hiftory  of  Oxford- 
Ihire,  vix.    That  the  ver^  Body  of  the  Water  is  turned  into  Stone.as  it 
drops^  down  frotn  the  Rock-s.     /  know  not  indeed  of  any  other  forts  of 
Petrification^  than  thefe  I  have  dlready-mefrtiGn^d.     As  to  that  Hypo- 
thefis  of  /^^  Tranfmiitation  of  a  Stratum,  e.  gr.  of  Chalk  to  Clay^  of  Coal 
to  common  Stone^  or  the  like^  I  muftconfefi  I  never  met  with  any  thing  in 
Nature  which  ^ould  countenance  it^  that  iSj  fucb  a  Tranfmutation  in  the 
Bowels  of  the  Earth,   Nor  is  there  any  thing  that  proves  it^  that  .ev&  I  have 
met  with  in  any  i^^tural  Ohk!^a^k>n$i   Ofilyjb^  will  guefs  and  fancy 
fitch  a  Thing ;  but  for  making  if  out^  I  am  fure  I  am  no  more  jable  to  do  it^ 
than  to  make  the  Philofophers  Stone,  whatever  they  are. 

A  late  Auchor  is  of  Opinion,  that  this  Bed  of  Stones  was  the  Founda- 
tion of  the  Loaf^  Cliffy  where  the  CUffhas  beenwafhed  awa}\  or  cut:  And 
that  they  are  the  Produilion  of  a  FitHoUne  Juice^  in  Conjunction  with  the 
Loam  •,  as  the  common  Copperas  Stones  are  by  the  fame  Juice  ia  a  Gm- 
vel^  and  that  the  latter  were  only  to  be  found-where  the  Cliff  was  gra- 
velly^ tod  not  where  the  Loam  is.  How  far  thefe  Stones  are  the  Eflfcft  of 
a  Vitrioline  Juice^  I  will  not  determine,  but  this  I  can  .affirm,  .that  I  have 
now  by  mc  fome  of  the  Pyrites j  or  common  Copperas  Stones^  which  I  did 
pick  out  of  the  Clayey  Stratum  of  this  ClifF,  in  which  they  may  be  fre- 
quently met  with.  Nor  do  I  remember  at  any  Time  to  have  obferved 
thefe  Stones  to  be  invejled  with  either  Gypfum  or  Trichitis,  as  the  fame 
Author  affirms,  but  with  the  aforefaid  Ludus  Paracel^y.znd  fome  other 
fdrts  of  Lap:  Stalagmite  frequently..  ,- 

How  thofe  Shells  or  Marine  Bodies  come  to  be  here  policed,,  is  a^  '^ 
Subjeft,  which  hath  imployed  the  Heads  and  Pens  of  divers  learned  ^ 
and  ingenious  Men..  I  (hall  not  pretend  to  determine  the  Controverfy ; . 
I  fhall  only  make  fome  Remarks  on  the  pofitive  Aflertion  of  the  afore- 
faid Author,  concerning  the  imbedding  of  thefe  Foffil  Shells  in  this . 
'ClifF,  and  the  Alteration  of  the  Channel,. -y/z..   7hat  this  Bed  of  Shells^ 
which  covers  the  Cliff,  was  carried  thither  at  the  making  of  the  Harbour  or 
clearing  of  it.   For  the  Harbour  or  Channel  there  is  artificial, .  and  of  no  old 
^datCy  the  Current  having  been  formerly  on  the  other  fide  of  Landgoard-Fort, . 
whici)  then  ftood  in  Effex.     Againft  the  firft  Part  of  which,  altho*  ma^ 
ny  Reafons  might  be  given  to  prove  the  contrary,.!  (hall  only  mention 
the  following  •,  and  as  our  Author,  begs  the  Queftion,  How  elfe  could 
the  Shells  lie  a-top  of  this  Cliff?  So  I  ffiall  alfo  afk  him,  why  the  fame 
Strata  of  Sand,  and  Fragments  of  Shells,N  with  the  fame  ^^2^.  imbed- 
ded, are  to  be  found  at  Walton  Nefs,  on  the  other  Side  of  the  y^«- 
arium,  which  is   5  or  6  Miles  broad  irora.  Harwich,  as  likewife  at 
Bawdfey  CliflF  in  Suffolk,  which,  is  8  or  9  Miles  diftant,.and  in. other 
Cliffs  on  that  Shore,  where  I  have  met  with  them.^    A  fecond  Que- 
ftion may  here  be  a(k*d.  How  it  comes  to  pafs,  that  none  of  thofe  Bue- 
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tins  Ikknfiftpha^  (whereof  fuch  Pkoty  of  their  Exuvis  are  ia  all  the 
Cliffs  hereabouts)  are  not  now  to  be  found  in  this  Channel,  nor  the 
adjacent  Seas  ?  (where  I  have  divers  Times  been  a  Fiflxing)  for  I  can- 
not think  the  clearing  this  Harbour  could  have  de{bx>7ed  all  due 
Species  of  Shell-Fifli,  whereof  there  was  then  fuch  Plenty ;  and 
therefore  fome  other  Original  muft  be  allowed  them^  than  what  this 
Author  has  affign'd.  Nor  can  I  allow  the  Harbour  here  to  be  Arti- 
ficial^  becaufe  fo  great  a  Work  as  this  is,  viz.  the  making  a  Channel 
CWQ  Miles  wide,  as  it  is  in  this  Place,  would  not  have  been  without 
fome  Record  thereof  in  Hiftory ;  and  befides  the  Earth,  ISc.  which 
muft  arife  by  this  Work,  muft  confequendy  have  made  a  much  greancr 
Hill  than  the  Cliff  ever  was  -,  and  another  Doubt  will  from  hence 
arife,  why  the  Workmen  (hould  bring  all  the  Earth,  l^c.  to  this  £de 
the  Channel,  and  not  lay  fome  thereof  on  the  other,  as  it's  phin 
they  did  not.  The  Ground  on  which  Landguard  Fort  ftands,  as  far  as 
Wdtom  Colenefs^  which  is  about  three  Miles,  is  only  a  landy  Level  or 
Beach,  which  I  believe  hath  in  Time  fubfided  there,  as  may  be  ob- 
ferved  at  the  Mouths  of  other  great  Rivers.  And  as  to  the  Aiga- 
ment,  which  our  Author  brings  oi  Landguard  Fort^  being  accounted 
to  ftand  in  EffeXj  to  confirm  his  Hypothefis  of  the  Change  of  this 
Channel,  it  will  be  of  no  Force  with  any  one,  who  doth  but  obferve, 
that  not  only  Parts  of  Parifhes,  but  likewife  of  Counties,  arc  often 
divided  from  thofe  Parifties  and  Counties  to  which  they  belongs  and 
included  in  others,  of  which  I  could  give  you  many  Inftances,  /«  gr, 
a  Part  df  Ktnt  is  on  the  EJfex  Side  the  Thames ;  and  in  Oxf&rd^ire  the 
Pariihes  of  Sbilton  do  belong  to  Btrkflnre^  Da^ksford  to  fVarwick" 
fiirey'  Compton  to  Gloucejierjhire^  and  Stratton-Au£ey  to  Buckingbam- 
^Jbire^  although  all  included  in  the  other :  And  there  is  a  Farm,  which 
doth  belong  to  the  Parifti  of  Brainine^  that  is  feparated*  from  it  tf 
leaft  two  Miles,  and  many  others  might  be  given,  but  let  thefe  fuf- 
fioe.  And  to  me  a  probable  Reafon  of  this  Fort's  being  accounted  in 
EJfeXj  is,  the  &nds  here  fubfiding,  made  at  firft,  1  fuppofe,  an  bh 
fulOy  which  being  neareft  to  Effex^  was  accounted  of  that  Coxmtj; 
or  2dly,  the  Ifland  fo  made  belonging  to  none  but  the  Crown,  k 
was  at  the  Pleafure  of  the  Kir^s  Officers^  to  call  it  of  which  Counrf 
they  pleafed.  Nor  was  it  the  Gentleman  in  Cambden\  Ignorance  (whae*^ 
ever  this  Author  faith)  that  made  him  mention  thefe  Stones  for  Petri- 
faStiom  made  hy  the  Sea\  for  Mr.  TayUtr  in  his  aforelkid  CoUeSiem 
did  not  omit  the  Tradition,  the  Inhabidints  of  this  Town  lave,  a- 
bout  the  Alteration  of  the  Mouth  of  this  Haven,  which  I  will  tnai- 
fcribe  in  his  own  Word^s.  It^s  generally  believed^  tb^t  Stourc  did  jsr- 
merfy  in  afiraigbter  Current  (than  mw  it  doth)  difcharg/e  itfetf  into  tin 
Sea^  about  H<»fley-bay,  under  tie  High-land  of  Walton-Colnefs  tasd 
Felix-Stow  in  the  County  1/ Suffolk,  betwxt  which  and  Landguard*Foit 
are  (as  they  are  ^reputed)  certain  Remains  of  the  oldCbatmel^  which  tk 
neighhuring  Mabitants  ftill  call  Fleets,  retmning  at  this  Day  the  f>»- 
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^tion  of  the  Cour/e  of  the  JVater^  and  the  Entrance  into  this  Haven  to  have 
heretofore  been  by  dnd  through  them. 

And  I  am  of  Opinion  that  this  Tradition  is  Matter  of  Faft,  having 
before  hmtcd  what  Mutations  the  Mouths  of  great  Rivers  daily  under- 
go by  the  Lodgment  of  Sands^  t?f.  which  may  be  affign'd  as  a  betcer 
Rcafon  for  thi^  Alteration  than  that  of  our  Author,  i.e.  that  it  was 
artificial  -,  and  the  yearly  wafhing  of  the  ClifF  on  the  Harwich  fide,  doth 
likewife  add  to  its  Probability  ;  it  being  a  conftant  Obfervation,  that 
where  the  Sea  gaineth  on  one  Side,  it  lofeth  on  the  other.     And  that 
this  Level  was  fo  made,  I  am  confirmed  by  the  modern  Removal  of 
the  Fort,  more  towards  the  Point  5  more  Sands,  I  conje6hire,  being     ^ 
idded  after  the  old  Fort  was  built :  This  Alteration  is  taken  notice  of' 
by  the  aforefaid  Mr.  Tojfkt  in  thefe  Words :  And  alt  ho*  feveral  now  living 
pretend  to  the  Remembrance  of  the  building  ity  [Landguard-Fort]  ;  yet  we 
find  there  was  an  ancienter  Fort  thereabouts^  and  called  by  the  fame  Name 
[Anno  ^553.]  which  was  not  far  dijiant  from  this  modem  one^  a  little  ^ 
North  ofity  where  areyst  to  befeen  two  Faces  and  Flankers  of  a  Baftion,. 
the  reft  of  it  being  iateh  away  by  the  Sea^  but  in  its  Place  hath  Itft  upon 
the  Shore  a  long  r(m  of  Sand  Banks. 

The  Spring  mentioned  by  Mr.  Gibfon  in  his  Englifb  Edition  of  Camb- 
den^  frorti  the  aforefaid  Manufcript  of  Mr.  Silas  fayler^  is  a  very  fmall 
ificonfidefable  Thing ;  nor  could  I  obferve  that  it  did  petrify  or  in- 
cruftate  either  Pieces  of  Wood  or  Sticks ;  but  I  have  a  Piece,  which 
I  broke  ofF  from  a  large  Pile  upon  that  Shore,  which  was  petrified  fo 
far  as  it  was  drove  into  the  Earth,  and  the  Sea* Water  came  ;  and  do 
fufpeft  there  yet  remains  fome  others  of  the  fame.  And  of  this  fort  I 
believe  is  that  large  Piece  fent  from  hence,  which  Mr.  T^jffer  mentions 
ta  be  referved  in  the  Repojitory  of  the  Royal  Society, 

I  have  already  taken  notice,  that  the  FqffU  Shells  are  imbedded  in  a 
loofe  Stratum  of  Sand,  Gravel,  i^c.  which  may  ferve  to  dcmonftrat^  . 
xhat  their  Matrix  is  not  a  Clay  Bed  upon  the  Top  of  the  Cliff;  as  like- 
wife  for  another  Argument,  to  evince,  that  they  could  not  be  there 
fcattered  by  Crows^  Gulls^  and  other  Sea  Fowls,  as  well  ,as  that  fomc 
of  them  are  likewife  bedded  in  Stone  at  the  Bottom  of  the  Cliff  5 
and  although  fome  few  of  them  may  be  met  with  upon  the  Top  of 
the  Cliff,  yet  it*s  only  where  the  Earth  has  been  broken  by  digging 
pitches,  fcfr. 

A  Catalogue  of  the  Poftls,  found  by  the  «t  this  Clif. 

I.  Buccinum  foffile  heteroftrophum  roftratum  lasvem  maximum  U- 
Jieri  refcrens.  2.  Buccinum  foffile  roftratum  maximum  Lifteri  referens. 
ij.  Buccinum  foffile  minus  ventricofum,  mucrone  obtufo.  4.  Bucdnum 
foffile  tenue  confragofum.  6.  Buccinum  foffile,  ^ftriis  prominulls  mar-, 
ginalibus  infignitum.  7.  Buccino-turben  foflne  reticulatum  minus. 
*.  Buccino-turben  foffile  fulcatum.     9.  Bucciiio-turben  foffile  roftra- 
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cum.  lo.  Bucctno-turben  maximum  roilratum  foIfi!e,  fpiris  intus  ftriis 
clatis  infignkis.  x  u  Cochlea  folfilU  maxima  umbilicata  qu'mque  fpin- 
rum.  12.  Cochlea  foflilU  umbilicata,  mucrone  obcufo.  13*  Ntriu 
parva  fofElis.  14.  Turbo  foiTilis,  fpiris  duabu«  ftriis  emioencibus  infig- 
nitis.  15.  PeAen  minor  foflilis  unica  aurira.  16.  Auricularia  maxima. 
17.  Pe<flunculus  fofnUa  fere  circinatu$  ftriis  tenuibus,  valvis  per  gingiy< 
mon  connexis.  18.  Pedunculus  fodilis  crHlTus  roftro  acu(o  ftriis  majo- 
ribu3.  19.  Pedunculus  folfilts  fafciis  tranfverfis  undantibus  iiotatus. 
20.  Pedhinculus  vulgaris  follilis.  21.  Peftunculus  foflilis  ftriis  majori* 
bus  &  elatioribus.  aa.  PeAunculus  maximus  fo(Clis»  Lifterianum  maxi- 
mum referens*  23*  Peftunculites  maximus  ftriis  lacis.  24.  Concha 
mnra  foI&lis«  fafciis  tranfverfis  infigni;.  25.  Concha  I<Miga  foglUs 
wciau-  26*  Conchites  lasvis  maxima.  27.  Conchites  parva  fafciata. 
a  8.  TrigoaclU  minor,  five  Yulgatior  AAglica  Zi//i>^^.  5n/.  816. 

d»^cnmt  of    XX.  Mr.  Coxe  of  Meats- j^aby  in  Nortbamptonlhire  lately  dilcovcr*4 

X«fi<i«»^Ri-foine  I.Mii^  and  tUver-SbtUs  under  Ground^  m  a  moorifh  Pafture  ia 

^ffy^w  MiarS'Alh^  Field,  which  Place  I  went  afterwards  to  view. 

tferGmmTfy     '^  ^  ^  "^^^  i«iiark*blC|  bccaufe  Land  and  Riwr- Shells  are  fo  very 

Jl/r.  J.  Mor-  rarely  met  with  in  digging  into  the  Earth,  in  Comparifon  of  Sea  Sbells^ 

too.  B.  J05.  and  the  Teeth  and  Bones  of  Marine  Animals,  which  occur  almoft 

p.  aaio.       everywhere  and  in  all  Countries.     The  Reafon  of  which  is  now  no 

lon^r  a  Difficulty,  thefe  BQdie3  having  been  {hewn  to  be  all  Remains 

of  the  Univerfal  Deluge  i  and  the  Marine  Shells  being  more  ponderous 

than  thofe  of  the  Lands  and  Rivers  funk,  and  were  lodged  deeper  in 

the  Earth,  and  fo  were  preferved  by  that  Mean3 ;  whereas  the  latter 

being  left  generally  upon  the  Surface,  perifii*d,  and  are  at  this  Day 

rarely  met  with. 

Caufin^  one  to  dig  into  the  moorilh  Ground  above-mentioned^  we 
f(Hind  a  unall  Number  of  Snail  Shells  of  various  kinds  buried  there. 
At  about  a  Foot  in  depth  they  lay  very  thick ;  and  finking  dill  down- 
wards, the  Number  rather  encreafed  till  we  came  to  the  depdi  of  aboui 
thr«c  Feet.     *Twas  troublefonic  to  fink  deeper  on  Purpofe  5  but  we 
made  Trials  for  a  confiderable  ^tent  of  Ground,  viz.  about  250  Feet 
in  lengtli,  and  130  in  breadth.    Befides,.  the  fame  Shells  were  cafib  up 
in  feveral  Places,  at  Diftance,  by  Moles.    What  we  principally  ob^ 
ferved  in  this  Search^  was,  i»  A  moift  moorifh  black  Earth,  ia  fome 
Places  a  Foo(  and  a  Mf»  in  others  fomcwhat  above  two  Feet  in  Thidc- 
nefs.     The  lower  half  of  it  is  blacker  and  denfer  than  the  upper  faal^ 
of  a  bituminpus  Nature,  and  has  all  the  Characters  of  Feat-Eaxth.     Be- 
fides  Shells  we  found  Stalks  and  Leaves  of  Grafs,  and  atfo  of  many 
kindf  of  other  Vegetables,  repofited  as  ufual  in  like  Bituminous  Moon 
in  other  Parts  of  m»  Ifland.     2.  White  Earth  -,  fo  at  firft  we  caird  it: 
But  upon  dofer  InfpcAion  it  appeared  to  be  little  more  tban  Hay  half 
vrafted.    So  deep  as  we  funk  into  itf  we  found  it  every  where  copioufly 
snterfperiedwithSiielU* 
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^  Th9  finding^thefe  S|kQlls  \i^4w  pFQund^  m^de  it  very  reafoimble  ta 
<nquir^»  .whether  (h^re  wereaoQFpf  At  like^K  th^^  Tim?*  living  upon 
th(^  Surface.  I  diJiigpiul^  k^KW^  ^Ms  Pbce,  W  could  not  meet  with 
any  Jjve  oneself  any  J^iad  whatever,  there. 

The-FoOU  Stwlk  were  (omt:thtM9H(vU  of  Lf^iKJUSnails,  the  reft  of 
River  or  l^rftQx-^ff^r^  Snails :  Qf  the  former,  there  were  the  three  fol- 
lowing Kinds:  i.  A  fmall  Buccinum^  of  five  Wrq^ths,  the  Buccinum 
ixiguum  quitifue  anfraSimmj  ^it.  7.  Ufi.  in  Tra£laL  de  Cocbkis  Terrefir. 
Jjigl.  A  Kind  p^ervM  by  Dn  L^  to  live  in  Mofk  uppn^  eld  Garden 
Walls  at  Eftr^  in  JUnccl^birii  by  my  fidf  at  the  hioSj  Roots  of  old 
Trees  in  many  of  %lH^J^0^ib0n^^f^e  Woods,  as  alfo  am<H%^  Mols 
upon  the  hoggf  Sides  of  feveral  ftanding  Spings. 

i».  A  Cocbkoi  oif  the  cocnprejO^d  Kind,  but  not  fo  much  coioip^ed 
99  fome  of  them  fffit..  It  h^  fix  Wreaths^  uA%ifX)sX\  cicculatr  Sims 
in  the  Center.  This,  if  it  is  not  the  Cocbka  umBiUcaia^  &r.  N«  79. 
lafi.  H(/t.  CmhU.  l4k.  %•  l»s  not  hitherto  bfeen  mentioned  by  any 
Writer;  though :  oenQbion  enou|^  in  the  Woods  in  Norfbamftoffidrc  i. 
\  found  a  great  ^umb^ff  of  them,  for  the  Compass  of  Giound,  inc)o(e4 
in  the  Earth,  than  ever  I  have  done  in  any  of  tljie^  Placei  where  they  na^ 
furally  breed, 

3.  TJie  C9cbki^  titm4^  Tit.  3.  UJi.  de  Cocbl.  Xfirt/i.  Jng.  The  com- 
paoe  ftrip'd  Sn^itl  Sh^U.  But  moft  pf  thc^e  in  the  Moor  are  white,  q£ 
(he  Co\imM  the  Shdk  that  h«ve  been  a  loiig,Tqnp  de^r  txiioaiit  % 
iaw  fimt  Fooic(te{>s  of  their  former  ^tripeik.  Mpif^  ojt  tibi?  ShelU  p^thta 
)Gn4«  wjere  todg'd  3ibwt  four  Feot  doep, 

W^met  with  only  two  (KHeremKii>4s  of  RivQ^^eU^:  |.  APeie* 
winkk  Shell  of  throe  Wreaths,.  gieneraUy  lefs  tkaq  the  Buccim^ft  [pirn 
^firar.  Ttt.  24.  lift,,  d^  Cocbkis  FluviatiL  Ang.    Thc^  wasag^^^^ 
Number  of  tbek  buried  in  the.  Moar9  thaa  of  aoy  of  the  n^ 
Kinds. 

2.  A  Perewtnkle  Shell  of  fire  Wrea^  mu^  imalleri  v^s  quoit 
prominent  than  thofe  of  die  Bmmmm  kf^pm^  fi^  SpiMr¥m%,fit^%u 
Ufi.  deOcb.  Fifivi^t.  'Tts  odierwife  ^e^y  like  thar  B^uimai^  |n  the 
Fa^on  of  its  Wpeaih$.  It  has  not  yet  been  deicrib'd  by  aay^  Aiithon 
We  find  the  Kind  aoiw  living  in  «ne  of  the  ihrtb(in^0ifinn  Brool^fi 
-cairdthe^e. 

The  mooriih  Groond,  wherein  thefe  Shells  were  buried,  extends  from 
tiear  the  Top  to  very  near  the  Foot  of  »  fm*ll  HiU.  Abpve  the  ]M90r» 
4ip0n  the  Top^  and  at  the  Brow  of  theHiUk.  is  4  fimdy  Soil  of  axedr 
idiJib  Colour.  The  whole  Face  cff  the  Moor  is  p}«in.aiid  even,  confoim- 
iable  t0  the  reft  of  the  Hill  not  thus  moory  of  the  fime  Declinatioa  with 
it»  $Ad  a^)ears  to  be  in  a  natural  and  undiftuFbed  State,  as  much  fo  9S 
^iny <if  the  Shidies in  the  neighbouring  Fiddsi  eifioeptiAg  that  thiee  or 
•four  Trenches  have  been  cut  through  it  of  late. 

'Tis  evidenti  that  thefe  Shells  were  Idft  at  the  Deluge,  when  thofe 
from  Sea  were  aUPi:  eepofifeed  at  Land ;  uA  MX  bupied  finoe  by  Pe- 
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tcrratWhs  from  the  Gfourid  above  i  For  then  the  upper  parts  of  the 
Moct  muft  have  been  coverM  witH  a  reddifh  Sand,  fuch  as  the  Ground 
is,  for  the  main,  composed  of:  But  nothing  like  that  ajppears  near  the 
Shells  in  this  Moor.  Befides,  here  -dre  dug  up  federal  Shells,  that  in  ail 
'  Likelihood  never  bred  here,  but  are  Inhabitants  of  a  different  Soil; 
particuliaHy  the  ftnpctl  Snail-^cll  t  For  thcfe  Animals  have  pcculiaf 
Soils,  and  affcft  particular  Regions.  -     « 

An  jfccBunt  of  XXI.  At  thc  Reverend  Mt,  South^^  at  Elftm  near  Newark  in  Not- 
^^J^^^^^^tinghamjbire^  was  lately  difcovcrM  a  Skeleton,  alm'ofl:  entire,  of  a  large 
2ijr55v!>  Animal  (which  I  have  procured  for  thc  Ripcfittry  of  the  Rdpal  SocUtj) 
Stone,  by  Dr.  imprefsM  in  a  very  hard  Stone  >  it  had  lain  Timfe  out  of  Mind,  at  the 
w.  Stukclcy.  fide  of  ^  Well,  where  it  had  fcrv*d  for  a  Landing-place  to  thofc  that 
n.  360.  p.  jj.^^  Water-,  but  xrpon  renwval,  the  uader  fide  exhibited  this  unufua^ 
«<^-.  FortnV.     -.  ^-  ■■.:... 

The  Stone  ftfelf  isablue  Clay-ftone,  the  fame  as  (and  undoubtedly 
came  from)  the  ncighbowring  Quarries  of  Fulbeck^  or  thereabouts,  upon 
the  Weftern  CHff  <Jf  the  long  Traft  of  Hills,,  extending  quite  through 
the  adjaceht  Courtty^of  Lincoln-.    •     • 

It  is  a  great  Pity,  that  fo  confiderable  a  Rarity  ffiould  be  maimed 
and  imperfeft;  but  where  the  rcnuanifig  past  of  the  Stone  is,  which 
contained' the  upper  Part  and  Continuation  of  the  Skeleton,  or  diac 
Which  -was  the  other  fide,  and  tally'd  with  it,  is  utterly  unknown.  Thisr 
Skeletbn  at  firft  was  taken  to  be  Human;,  which  upon  View  I  am  pcr- 
lig.  3.S.  fuadcd  it  cannot  be  j  it  feems  rather  to  be  that  of  a  Crocodikot  Parpefs. 
Theit^-fixtecn  VerUbra  of  the  Back  and  Loins,  very  plain  and  di- 
ftittft,  with  their  Proceflfcs  and  intermediate  Cartilages.  Nine  whole 
or  partial  Ribs  of  thc  Left-ftde,  the  Or  Sacrum^  ilium  in  Jitu^  and 
two  lliiglr  Bdn^  difplac'd  a  little,^  the  Beginni^s  of  the  Tibia  and 
Fibula  of  the  Right  Leg  •,  on  one  Corner  there  feem  to  be  the  Vt- 
Jfipd  of  a  Foot,  with  four  of  thc  five  Toes,  and  a  li«fe  way  off^  an 
entire  Toe,  now  left  pcrfeft  in  the  Stone :  Theie  are  no  left  than  eleven 
Joints  cH^' the  TaS,  and  the  Cartilages  between  them  of  a  white  Co- 
lour, dilKnguifliablc  from  the  reft:  We  (hould  impofe  upon  our  Senfes, 
to  queftibn  whether  thefc  be-  the  real  Reliques  of  an  AiMmal ;  for  tbe 
very  Bones  themfelvcs  arc  now  to  be  feen  as  plainly,  as  if  prefierv*d  ia 
an  Egyptian  Mummy  j  a  very  little  while  ago,  the  Society  had  a  Draught 
of  a  Crocodile,  though  a  fmall  one,  found  after  the  like  Manner,  inclos'd 
in  Stone;  from  a  Quarry  in  the- Mountains  of  Upper  Garmaitf^  I  fop- 
pefe  the  fame  Reafon  accounts  for  both,  and  all  the  reft  of  thefe  Kinds 
of  FoflTils  \  and  it*  is  an  ocular  Evidence,  and  a  gneat  Confinnation  c^ 
what  I  laid  h)cfore  the  R^j/  Society^  in  a  late  EMfcourfir,  where  I  lunted 
at  a  Sotueiori  of  fome  obvious  and  remarkable  Phasnomena,  in*  the  ex- 
ternal Face  of  the  Globe^  cdnfequent  to  its  Formation,  as  fet  forth  ia 
the  MTfaic  Account;  and  of  fome  Changes  it  fuffer'd  at  the  univerfal 
CaSacfy/f^j  and  Proofs  of  that  great  Catafirapbt  of  the  Animal  and  Ve- 
getable 
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gt  table  World  in  Plants, .  Shells,   and  Parts  of  living  Creatures  found 
\ti  Rotfks  and  Quarries.  '         ' 

It  IS  remarkable,  that  all  the  Stone  Pits  about  the  Country  whence 
this  came,  ^4bound  with  prodigious  Quantities  of  Shells,  and  the  like, 
and  the  greateft  Part  of  the  Subftance  of  the  Stone  is  a  Compoficion^ 
of  chem.  There  are  many  Accounts  of  them  in  the  TranfaSitms^  and 
this  Stone  has  inany  Shells  of  different  Kinds  in  it.  Sir  Hans  SUanc  has 
aFifh  Skeleton^  amonglt  his  immenfe  Trcafurc  of  Curiofities,  found 
near  this  Ptace;  given  by  the  Duke  of  Rutland.  If  we  look-  upon  a 
Map  of  thd^ 'C?>ontry,  and'obfcrve  the  Lincoli^re  Alps^  hMr  thty. 
run  fifty  Miies  North  and  SdQth^  and  on  the  Weft-fide  arc  ftecp  and 
rocliy,  we-  may  fee  the  Reafon  why  thefe  Quarries  (hould*  be  fo  ft uft 
with  them  ;,  for  it  is  juft  to  conceive,  that  upon  retiring  06  ito  Waters 
of  the  D^dg&  from  the  Superficies  of  this  Country,  inta  the  £dlern 
Seas,  thefehfckivy' Bodies  met  a  full  Stop,  .and  were  ihcerccpted  by 
this  Cfiff,  which  has  retained  iuch  .vaft  Quantities  of  them  erer  fince : 
Whilft  thoft  wlbch  fell  uponcommon  Mould  are  moitly  zotten,  and 
now  kJft.  .      f 

'  Sir  Ifiiii^  JV#t9/««'s.Do6lrine  ei  the  Attradion.  of  the  Particles  of 
Matter,   according  to  the  •  Quantity  of  its  Solidity,.  Proximity,  and 
Skirface;  cfpeciaily  that  it  is  infinitely  gicatcria  the- Point  of  Conta6t». 
upon  which. depends  its.Cohefion  and  ail  the  Varieties  of  Phyficai 
Aftion',  will  eafily  dircft  us  to  a  Nation  of  Petrifadion,     We  lean* 
h6w  a  proper  I>egree  of  Heat  or  Cold,  Moiflure,  Motion,  Reft  and 
Time,   pnomote  this  Principle,  from  the.oMsmon  Experjmetits  of 
Chryftaltization  and.  Freezings  even  before  the  £ire,  and  lA  many  chy* 
h)ical  Mixtures.    Whence  we  cannot  ht  igmx-aat  of  Stone  growing  in 
the  Quarries  gradually,  not  by  any  fancied  Vegetation,  though  there 
is  fomethirig  like  it  in  Corals,  but  generidiy  by  Appofitton  of  Parts 
to  Parts,  as  is  victorious  in  the  Fluors  of  fubtecraneous  Grots  and  Ca-> 
verns.    So  that  Ave  have  no.Reafon  to  doubt  but  what  was  Clay>  Sand^ 
or  Earth  3000  Years  ago,  may  now  be  Stone  or  Marble,  according  to 
the  Proportion  of  Concurrence  of  fuch  mentioned  Caufes.    This  ¥rill  " 
perfuade  us,  that  the  now  barren  and  rocky  plains  of  the  Countries  of     . 
Syria^  India^  and  Araiia^  are  owing  to  natural  Caufes,  as  well  as  an 
immediate  Curfe  of  God,  fior  the  Dtibbedience  of  its  ancient  Pofibflbra 
his  peculiar  People ;  becauie  die.  &me  is  obfervabte  of  the  famous  Ceun* 
tries  of  Greece  and  Africa^  warm  Regions  fo  renowned  for  Fertility  ia 
ancient  Authors..   Wherefore  there  may  be  fome  Likelihood  in  the 
Opinion  of  thofe  who  think  that  ia  many  Ages  the  Irhole  Facer^f  thfc 
Globe  may  become  one  great  Rock.    Dr.  Plotty  in  his  Natui^  Hiftory 
t>f  Oxf^djbire^^  gives  an  Account  of  a  Tumulus^  now  a  pcifeft.Mouot  of 
Stone ;  and  upon  St.  Vmem'%  Rock  near  hriftol^^  a^e  Fortifications  no# 
become  folid  Clifil    I  remember,  about  fuc  if  ears  ^'gfy^Mt^  Ralph  ff{idi^ 
lirington^  Y^xoihtx  to  the  Earl  of.  that  Name,  .fbcVd.me  many  humuan 
Bones  taken  from  whole  Skeletons,, witl^  Brifijb/Shiids^  .Ghams,  Irco 

Rings^ 
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RiAgs,  Biafs  Bices  of  Bridles,  and  the  like«  which  weitr dog  xa^XEtt 
Quarry,  near  the  Seat  of  the  Family,  at  BUmknej^  Um^b^nre  \  wbkb 
very  probably  was  plain  Mould,  when  cfaefe  ohl  Corpfes  of  the  Briima 
were  incamed  ^  and  fince  then  I  faw  many  human  Booes  and  Annour^ 
with  Xmim  Coins,  ¥ihd^^  f^c.  ibund  in  a  Scone  Pit  in  the  Park  at 
Htm/iatncnj  Norfolk  \  belonging  to  Sir  Nicb$las  VEfifMgt^  in  whofe 
Coftody  they  now  are,  which  wt-re  conjechflred  to  have  bem  buried  vt 
Earth  afeer  a  Battle.  From  whence  we  may.  judge  it  a  vulgar  Mifiafee, 
when  in  the  Ruins  of  the  old  Caftks  and  Walls  we  admire  the  Tenadty 
of  the  Mortar^  and  are  ape  to  pratfe  our  Aioceftors,  for  an  Art  whidt 
we  fuppofe  now  loft  \  when  doubtlefs  the  Strength  of  the  Cement  if  ow* 
ing  to  the  Len^  of  Time :  And  in  future  Agea  our  modem  Buildiiigs 
may  obtaw  the  fame  Judgnient. 

From  alt  which  iaftances,  I  infer  the  ancient  State  of  iMe  CliSs, 
wheve  this  Skeleton  was,  4uid  Shells  are  daily  fbund,  tnunKteiy  mizt 
in  the  Siibftance  of  the  Stone,  to  have  been  forsierly  of  t  fofver  Con- 
{iftence,  capable  of  admitting  tbem  into  its  Bofrelsf  and  I3»luive  im- 
mur'd  tbem  as  part  of  itfelf ;  and  that  Earth' which  is  now  mana^esdiie 
by  the  Plough,  nuy  pofllbly  in  Time  aifitme  the  fame  Dbificy«  at  kaft 
very  little  bdbw  the  Surface  \  fior  in  this  very  Ciiff  the  apper  iSmiTit 
are  yet  Clay,  growing  harder  as  deeper^  What  Creafiure  this  hns  been, 
for  want  of  a  Natund  Hiftory  of  Skeletons,  we  canoot  piMBtivdy  de^ 
termine  9  but  generally £nd  the  like  to  be  amphibiom  or  anrioe  Ani* 
mals.  Why  fuch^  nuther  than  maov  others,  (houid  chance  to  be  thus 
entombed,  mav  be  thought,  becauk  they  were  abk,  'mwh  ku^fer  thap 
Terreftrial  Ammals,  to  Jive  in  that  Wodd  of  W^or^  tmft  till  dief 
began  to  abate  and  faU  away  into  their  defttn'd  Receptacles  i  fo  that 
wiiUe  1^  Bodies  of  the  neft  foon  periihiag,  wete  comipeed*  and  dieir 
Bones  feparated  and  dUperfed  noudi  earlio* ;  this  Skeleton,  with  odieri 
of  its  like,  fell  entire  inoo  the  Fifliires  of  this  Bed  of  Chiy»  which  has 
fince  turned  into  Stone,  and  made  tfab  noble  Monument  and  pre;gpaas 
Token  of  that  general  Inundadon, 

0/  CkryKal,      ^^^^  I^«  ?•  ^  prel^ied  me  with  a  Cbryikd  (and  other  Natural 

^c.^Mr.  Curiofities)  whfa:h  he  bi^ooght  from  MUm :  I  (hafl  gpve  you  his  Defoip* 

R.  Tborafliy.  lion  of  it,  £rft  pftmiflng  his  Arguments  upon  a  fart  of  Spar  within  a 

n-  277-  P-     flint.    That  within  the  Flint  (iaya  he)  feems  to  differ  from  the  reft  of 

'^^'*  its$ubftttic6«  and  IbnAewhat  to  reftmb^  i;^:  Though  after  alU  Spa^ 

Mn§tiatiAt%tUkhm^Cl^aUim[ona(LiM^        itdtflkcsootfioa 

I^UfU  m  Reality^  but  only  in  Appearance^  i  ^.  in  ^  Mviaer  of  Cm- 

traim  ^  ThbuKh  if  the  enck^  Matter  lud  hi  its  Nafiuie  difoed 

fix^  the  reft  Of  the  Scone,  the  Thing  had  not  been  very  uocommoa ;  it 

behig  ufiiat  enough  for  Stones  (efpecially  tfaofe  of  a  Gk)bufaur  or  Oval 

Form)  to  ha^ve  Coat  upon  Coat,  and  thole  Coots  fometimcs  very  diffe* 

tmt  one  fiMim  anoth«r|  fo»ie  of  them  tofu  fome  hard  ;  oay»  fomo* 

tuaUf  ai^  a  kng  Spaoe  of  Trntt  ofie  of  the&  Coats  will  ftoink  from 

aaothcr« 
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wodier,  after  the  Manner  of  a  Kernel,  when  the  Shell  grows  dry ;  and 
then,  if  the  inclofed  Subftance  continue  foft  and  marly,  they  call  that 
Stone  Geodes  \  but  if  ftony,  it  makes  one  of  thofe  rattling  Stones  that    ' 
arc  known  by  the  Name  of  the  JEtites  or  Eagk-Stonfi. 

To  confirm  what  I  have  advanced,  many  Inftances  may  be  brought, 
that  it  is  no  unufual  Thing  for  Stones  to  enclofc  Subftanccs  of  a  very 
diflfercnt  Nature  from  thcrofelves :  The  Shells  which  I  have  fcen  in  Suf- 
fex  Marble  is  one  Proof-,  and  the  Stones  found  in  our  Coal-Pits^  and 
known  among  the  Workmen  by  the  Name  of  Cat-beads^  may  ferve  for 
another;  they  are  found  in  a  particular  Stratum  near  the  Coal,  and  en- 
clofe  a  Fern^  or  fometimes  Polipody  Liaf  in  the  middle  of  them ;  and 
for  thatReafcn  being  (truck  with  a  Hammer  very  readily  break  there  : 
1  think  they  are  a  fort  of  Iron-Stone^  a-kin  to  that  which  they  call 
in  Stafford/hire  BaUmne\  and  Dr:  Lifter^  NBnera  ferri  PiUformis  \ ,  they 
have  it  upon  the  Weftern  Coafts  near  IVbitebaveny  and  call  it  there  by 
the  Name  of  Cat  fcamps:  I  have  feen  it  too  upon  the  Torkfiifin  Coails 
in  Robin-Hood^ ^  Bay:  It  may  be  called  Lapis  Miners ferriy  PiUform 
Jinnlis  in  cujus  MedituUio  unOm  vel  plura  Filicis  folia  repr^fentantur.  I 
have  Specimens  of  both.  Sorts.  And  as  an  Inftance,  that  one  and  the 
fame  Piece  of  Rock  does  not  dwaysflsoot  into  Stone  at  one  and  the  fame  Time^ 
iutfirft  one  Part  ofitj  and  then  another^  and  they  too  not  after  the  fanic 
regular  Manner :  I  have  a  Piece  of  Rock  Chryfialy  where  one  may  eafify 
obferve  the  Modus  Concrefcendi^  in  the  Middle  to  have  drfi^red  from  - 
that  of  the  outfide;  nay  fometimes  I  have  feen  in  the  Middle  of  fomc 
tranfpareni  Stones,  a  fmall  Drop  that  never  would  take  the  folid  Form 
of  the  reft  of  the  Stone  at  all. 

I  have  received  from  Dr.  Ctfy  a  Piece  of  an  Iron  Bolt  (two  Inches  long)  j^n. 
found  in  a  Stone  Quarry,  now  returned  into  Iron  Ore  again  -^  this  being 
a  Property  thax  Iron  has,  and  ao  other  Metal,  as  Dr.  Lijier  bbftrves  ih 
his  Journey  to  Paris. 

1  have  received  from  Sweden  a  Piece  of  Copper  Ore  regularly  feotintb  Copper-Orc. 
an  OffoedrousForm:  It  has  eight  folid  Triangles,  and  confequently  fix 
angular  Points;  and  is  of  the  Bignefs  and  Figure  of  the  Draught,  ^»8- 46. 
(Ftg,  46.)  it  came  from  the  Copper  Groves  at  Fallumj  Vrherc  very  many 
of  the  fame  Form  were  then  found. 

XXIII.  1  Aall  give  aa  Account  of  my  Obfervations  on  feverat  natu-  0/  th  Lomi- 
ral  folid  No3iluca\  not  hitherto  by  any,  as  I  know,  taken  notice  of ;  nous  ks^Utiu 
(1  diink  I  may  be  well  affured  fome  of  the  Ph^enomena  never  were :)  «^.  Amber, 
and  ftiall  firft  fpeak  a  little  concerning  the  artificial  Phofphorus^  ^ich  ^^^'  ^ 
is  a  Subjeft  I  have  made  a  great  Number  of  Experiments  about,  where-  j}r.  WaU.  n! 
by  I  was  naturally  led  to  the  following  Remarks.  314.  p.  69. 

Many  Years  ago  (about  the  Year  168.0.)  Mr.  5^f  comtnumcated 
to  me  his  Way  of  making  the  Pbofpborus  with  Urine ;  Bli^  his  Qhy  mi((, 
Mr.  Biliar^v^^  forc*d  to  evaporate  a  prodigious  C^gantity  of  Urlnfe,  to  get 
a  vety  little  of  the  Pbofpborus  i  wUcb  induced  meta  think  for  fbme  other 
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Matter,  from  which  more  might  be  made  than  from  Urine :  It  be* 
•  ing  then  a  very  hot  Summer,  I  caus'd  a  Piece  of  the  dry*d  Mat- 
ter in  the  Fields,  where  they  empty  the  Houfcs  of  Office,  to  b- 
digg'd  up,  in  which,  when  broken  in  the  Dark,  a  great  Number 
of  fmall  Particles  of  Pbofpborus  appeared  -,  but  of  this  could  be  made 
little  or  no  Pbofpborus^  till  another  Matter  was  added  to  it  in  DifBlla- 
tion. 

Reflefting  on  the  artificial  Pbofpborus^  I  confidercd  whether  there 
might  not  be,  in  rerum  nalurdy  other  natural  ones^  befides  thofe  that 
Mr.  Bcyk  and  fome  others  have  given  an  Account  of. 

Human  Urine  and  Dung  do  plentifully  abound  with  an  OUofum  and 
common  Salt»  fo  that  I  take  the  artificial  Pbofpborus  to  be  nothing  elle 
but  that  Animal  Oleofum^  coagulated  with  the  Mineral  Add  of  Spirit  of 
Salt,  which  Coagulum  is  prcferved»  and  not  diflblved  in  Water,  but 
accended  by  Air, 

Thefc  Confiderations  made  me  conjefture  that  Jmber  (which  I  take 
to  be  a  Mineral  Oleofum  coagulated  with  a  Mineral  Volatile  Acid) 
might  be  a  natural  Pbofpborus^  fo  I  fell  to  n^e  many  Experiments  upon 
it ;  and  at  laft  found,  that  by  gently  rubbing  a  well  polilh'd  Piece 
of  Amber  with  my  Hand  in  the  Dark,  which  was  the  Head  of  my  Cane, 
It  produced  a  Light ;  whereupon  I  got  a  pretty  large  Piece  of  Amber, 
which  I  caufed  to  be  made  long  and  taper,  and  draip^ing  it  gently 
through  my  Hand,  being  very  dry,  it  aflforded  a  confiderable  Light.  I 
then  ufed  many  kinds  ot  foft  Aninial  Subftances,  and  found  none  did 
fo  well  as  that  of  Wool.  And  now  new  Phenomena  offered  themlelvesi 
for  upon  drawing  the  Piece  of  Amber  fwifty  thro*  the  Woollen  Cloth, 
and  iqueezing  it  pretty  hard  with  my  Hand,  a  prodigious  Number  of 
little  Cracklings  were  heard,  and  every  one  of  thofe  produced  a  Kttk 
Flaflx  of  Light,  but  when  the  Amber  was  drawn  gently  and  flightly 
through  the  Cloth,  it  produced  a  Light,  but  no  Crackling-,  but  by 
holding  one's  Finger  at  a  Jittle  Diftanoe  from  the  Amber,  a  large  Crack- 
ling is  produced,  with  a  great  Flalh  of  Light  fucceeding  it,  and,  what 
.  to  me  is  very  furprizihg,  upon  its  Eruption  it  ftrikes  the  Finger  very 
ienfibly,  wherefoever  apply'd,  with  a  Pu(h  or  Puff  like  Wind.  The 
Crackling  is  full  as  loud  as  that  of  Charcoal  on  Fire  ^  nay,  five  or  fil 
Cracklings,  or  more,  according  to  the  Qy^cknefs  of  placing  the  Finger, 
.  ,  have  been. produced  from  one  fingle  Fridion,  Light  always  fucceeding 
each  of  them.  Now  I  make  no  Queftion,  but  upon  ufing  a  longer 
and  larger  Piece  of  Amber,  both  the  Cracklings  and  Light  would  be 
much  greater,  becaufe  I  never  yet  found  any  Crackling  from  the  Hcsd 
of  my  Cane,  although  'tis  a  pretty  large  one ;  and  it  fcems,  in  fome 
Degree,  to  reprefent  Thunder  and  Lightning  ^  but  what  to  me  is  more 
ftrange,  is,  that  though  upon  Friflion  with  Wool  in  the  Day-Time, 
the  Cracklings  fecm  to  be  full  as  many,  and  as  large,  yet  by  all  the 
Trials  I  have  made,  very  little  Light  appears,  though  in  the  darkcft 
Room  ^  and  the  bdft  Time  of  making  thefc  Experiments,  is  when  the 
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Son  is  18  Degrees  below  the  Horizon  ;  and  when  the  Son  isfoi  though 
the  Moon  Ihines  never  fo  bright,  the  Light  is  the  fame  as  in  the  darkeft 
Room,  which  makes  me  chufe  to  call  xt^NoHiluca. 

As  the  artificial  Pbojfbcrus  led  me  to  that  of  Amber,  fo  Amber  di- 
refted  me  to  that  of  a  Diamond^  from  its  being  EleAral  as  well  as  the 
other ;  which  is  alfo  a  Natural  Pboffborus^  or  *  rather  a  No^iluca,  ex- 
ceeding all  others,  and  may,  without  any  Exception,  be  called  a  Mi- 
neral PboffbtfTus^  it  being,  as  I  think,  the  moft  pure  of  all  Oleofumsy 
coagulated  with  a  Mineral  Acidum  %  and  if  in  the  Difcovcry  of  this  I 
liave  not  obliged  the  Learned,  I  am  in  Hopes  I  ihall  all  thofe  who  deal 
in  Diamonds  :  Mr.  Boyle  has  given  the  World  an  Account,  at  the  latter 
End  of  his  Book  of  G?&«rj,  of  Mr.  Clayton^ s  Diamond,  and  afterwards 
iays,  that  fome  Diantonds  wo^ld  not  fhine  in  the  Dark  :  but  if  any 
one  elfe  has  fince  then  made  a  Difcovery,'  that  all  Diamonds  would 
give  Light  in  the  Dark,  they  have  been  very  unkind  to  the  World  in 
not  letting  them  know  it,  becaufe  I  am  well  aflured  that  a  great  many 
People  have  been  but  too  often  cheated  with  them,  which  I  hope  to 
prevent.  I  have  now  by  me  a  yellow  Diamond,  which  I  have  ftiewn 
to  a  great  many  Jewellers  and  others,  and  but  a  few  of  them  will  al* 
low  it  to  be  a  Diamond }  bcit  by  as  many  Trials  as  I  have  made,  I 
think  my  Way  of  diftinguifhing  Diamonds  is  fo  certain,  that  none 
need  fear  to  affirm  them  to  be  fo. 

A  Diamond,  by  an  eafy  flight  Fridion  in  the  Dark,  with  any  foft 
animal  Subftance,  as  the  Finger,  Woollen,  Silk,  &fr.  appears  in  its 
whole  Body  to  be  Luminous ;  nay,  if  you  keep  rubbing  for  a  little 
while,  aod  then  expofe  it  to  the  Eye,  'twill  remain  fo  for  fome  little 
Time:  But  if  the  Sun  be  i8  Degrees  below  the  Horizon,  if  any  one 
holds  up  a  Piece  of  Bays  or  Flannel  ftretch'd  tight  between  both  Hands, 
at  fome  Diilance  from  the  Eye,  and  another  rubs  the  Bays  or  Flannel 
with  a  Diamond  fwiftly  and  pretty  hard  on  the  other  fide  of  it,  the 
Light  to  the  Eye  of  him  that  holds  it,  feems  much  more  pleafant 
and  pcrfeft,  than  any  other  Way  I  have  yet  try'd.  But  what  to  me 
feems  more  furprifing  is,  that  a  Diamond  being  exposM  to  the  open 
Air,  in  View  of  the  Sky,  gives  almoft  the  fame  Light  of  itfelf  with- 
out rubbing,  as  if  rubb'd  in  a  dark  Roon\;*and  if  in  the  open  Air  you 
put  your  Hand  or  any  Thing  elfe  a  little  over  it,  to  hinder  its  Commu- 
nication with  the  Sky,  it  gives  no  Light :  I  have  try*d  all  or  moft  of 
the  precious  Stones,  but  could  find  no  fuch  Pbanomenm  in  any  of  them. 
All  thefe  Experiment  were  made  at  the  latter  End  of  May^  and  Begin- 
ning  of  June^  and  therefore,  I  cannot  pretend  to  account  for  the  Pb^eno^ 
mena  that  may  attend  Experiments  made  while  the  Sun  is  on  the  other 
Side  of  the  Equator. 

I  am  well  affurM,  that  all  or  moft  of  the  Bodies  which  have  an  Elec- 
tricity yield  Light  %  for  in  my  Opinion  *tis  the  Light  that  is  in  them, 
which  is  the  Caufe  of  their  being  Eleftral;  yet  this  Ekftricity  never  ' 

ihews  itfelf  without  Friftion  %  if  you  rub  any  Body  that  has  an  Eleftri- 
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city,  ^  dppfy  ^(  ne^  to  fome  light  Bodies,  as  particularly  very  tfain 
Slices  of  Cork,  'twill  put  them  into  a  great  Agitation,  and  make  them 
feem  to  the  Eye,  as  hanging  at  the  Body  by  a  fine  Hair. 

I  forbear  fpeaking  of  7^/,  which  feems  to  me  to  be  a  black  Amber, 
having  moft  of  the  Properties  of  Amber,  but  not  Co  pcrfc&  and  pure. 

I  muft  not  forget  to  fpeak  of  another  Subftance,  not  hitherto  by  ai^ 
(as  I  know)  taken  Notice  of  to  be  enduM  with  a  luminous  Quality, 
which  is  alfo  another  natural  Pbo/pborus  or  NcifiJucs,  and  that  is  Gum 
Lacy  and  alfo  red  Sealing- Wax,  which  is  made  with  Gum  Lac  and  Coh 
nahar^  the  Cinnabar  no  Way  impeding,  but  rather^romoting  its  lumi- 
ix>us  Quality  \  for  I  caufed  long  taper  Rolls  to  be  made  up  of  Lac  alme, 
and  of  pure  red  Sealing- Wax,  lx>th  being  well  poliih'd:    The  Seal- 
ing-Wax  upon  Fri&ion,  feems  to  me  to  emit  its  Crackling  and  Light 
iooner  than  the  LaCy  which  1  impute  to  the  Cinnaiar^s  conftringing  its 
Farts,  tho'  J  think  LaCj  pirfe^  has  the  greateft£k£tricity,  both  having 
all  or  moft  of  the  Properties  of  Amber;  and  by  all  the  Tryals  I  have 
hitherto  made  of  Lac  and  Sealing- Wax,  I  find  that  though  the  Crack- 
lings are  as  plentiful  in  the  Day^-time,  as  when  the  Sun  is  down,  yet  in 
the  darkeft  Places  I  could  difcover  iMit  a  little  Appearance  of  Light,  fo 
that  this  deferves  the  Name  of  a  N^HUuca  or  Pbofpborusy  as  well  as  the 
others  ^  it  bejng  no  other  than  a  vegeuble  Okofurn^  coagulated  with  an 
Animal  Volatile  Acidum.     I  don't  know  in  the  Animal  Kingdom  any 
Thing  bMt  Pifmire%  that  affords  a  Volatile  Acid,  and  in  the  Eq/t-InJiia 
there's  a  large  kind  of  them  that  live  on  the  Sap  of  certain  Plants, 
a^brding  both  a  Gym  and  a  Colour,  which  Sap  paiSng  thiough  the 
Body  of  tbofe  Infe<:^$  or  Animals^  is  by  their  Acid  Spirit  converted 
into  an  Animal  Nature  i  which  is  the  Reafon,  that  with  the  Colour 
excra^ed  from  Gum-Lac  (which  Gum-Lac  is  nothing  elfe  but  the  Elxcre- 
ments  of  thefe  Infedts  or  Animals)  almoft.  as  good,  and  full  as  lafiin^ 
Colours  are  made  as  from  Cocbimd:  I  am  the  more  confirmed  herdn, 
becaufe  I  know  of  an  Artificial  Way  of  converting  V^etabie  Colours 
into  an  Animal  Nature  very  much  lik^  thi^    by  which  the  Colours 
are  made  more  pleafant  and   permanent.      After  the  fame  Manner 
the  remaining  Gum,  which  is  an  OUofum^  being  digefted  and  palling 
through  theBodiesof thofelpfefts  or  Animals,  is  by  their  Volatile 
Acid  converted  into  a  Vegetable  Animal  Pbofpborus  or  NoSiluca  ^  the 
Artificial  Pbofpborus  is  a  Mineral  Animal  Pbojpborus^  whereas  I  take 
the  others  to  be  altogether  Mineral. 
ATreatife  on     XXIV.  According  to  AvUennayAmbirgreafe  is  generated  in  the  Man- 
Ambcrgreafc,  n^r  of  a  Fungqs  upou  Rocks  and  Trees  in  the  Bottom  of  the  Sea. 
by  G.  7.  Ca-  Q^jiers  again  will  have  it,  that  Fungufes  grow  upon  the  Surface  of  the 
p.  1591!  '^^  ^^^>  i^  ^^^  ^^^^  Manner  as  they  grow  upon  the  Surfiace  of  the  Kartlu 
Hiermpnus  a  HuertOt,  in  his. Notes  upon,  a  Tranflation  of  Pli9^  aflbrs, 
that  there  are  certain  Sea-Weeds  or  excrementitious  Maffes  upon  the 
Surface  of  xht  Sea,  fowned  like  a  kind  of  Fungus,    which  have   no 
Smell  when  they  are  firft  gathered,  nor  do  they  become  fragrant  tiU 
they  are  prepared  :  And  that  it  is  not  a  Bitumen^  uor  the  Seed  of  die 

Whale, 


Of  Aift6efgreafe.  i  ^9 

Whale,  becaufe  thtfe  when  once  hardened,  caftkdf  be*  rendertd*  l^ft 
again  like  the  trut  Ambergreafe.    Jonatius  Ahina  in  his  Hifiory  of  Bifai^ 
fays  it  is  called  by  the  Indians  Tefa  Bonganfifo^  that  is,  the  Excrerftent 
or  the  Whale,  becaufe  it  is  fometimei  found  in  the  Whale,*  and  fome- 
times  romited  up  by  it.    And  he  imagines  that  it  is  produced  from  Sea 
Weed,  refinous  Sea  Plants,  the  Refin  of  Trees  grotvirig  ih  the  Bottom 
6f  the  Sea,  or  even  from  rotten  Sea  Weed,  or  what  they  call  Sea  Ware, 
fwallowed  by  the  Whale  and  digefted  into  a  kind  of  Muctlage,  Nicolaus 
Monardes  will  have  it  to  be  a  kind  of  Bitumen  flowing  from  Fountains 
.   in  the  Bottom  of  the  Sea ;  and  Gmlli  du  fVallig,  is  of  the  fame  Opinion. 
' Simon  Sethi  and  others  fay  that  it  fprings  up  in  different  Places,  and  that 
there  are  Founuins  of  it  as  of  Bitumfen.     GarciaJ  oh  Orta  is  of  Opinion 
that  probably  there  are  Iflands  or  Countries  where  Ambergreafe  may  be 
found.    Ferdinand  Lopez  Caftanneda  will  have  it  to  be  the  Dung  of  Birds 
of  the  Ifland  Maldiva^  which  feed  upon  odoriferous  Herbs.     Servatius 
Marel  told  Carol.  Clujius  that  it  was  produced  from  a  vifcid  Matter  found 
in  the  Stomach  of  the  true  Whale.     Others  again  alledge,  that  it  is 
fwallowed  by  the  Fi(h  called  Azelum^  and  taken  out  near  its  Back-bone. 
Ferdinand  Caftrillo  fays  it  is  a  Liquor  collefted  about  the  Oefophagus  of 
Filhes,  as  fome  wha  are  returned  from  Brajil  teftify.     Fran.  Combes  fays 
that  the  Inhabitants  of  lolo  will  have  it  to  be  the  Excrement  of  the  Filh 
GuJiamina^  which  is  different  from  the  Whale,  and  larger.  ♦  Some  fay  that 
It  is  produced  from  an  odoriferous  Fruit  fwallowed  by  the  Whale.  Some 
call  it  the  Seed,  fome  the  liver,  fome  with  the  CMnefe  (who  call  it  Hay  arto 
fajy  that  is,  preferving  Cloaths  from  the  Moth)  the  Excrement  of  the 
Whale ;  while  fome  again  will  have  it  to  be  a  Foam  of  the  Seal.  Ctefias  fays 
it  is  the  Seed  of  the  Elephant.    Fuchfim  calls  it  a  Compofitioft  of  Aloes 
Wood,  Civet,  Storax  and  Ladanum.     The  Lutai  Indians  according  to 
Combes  fay,  that  it  is  produced  from  maffy  or  vifeid  Exiirefcencies  ftJck- 
ing  to  a  large  Aromatick  Tree  in  the  Sea.     Others,  and  thofe  of  better 
Senfc,  again  alledge,  that  it  is  produced  from  the  Hefin  of  that  Tree,  and 
this  Opinion  the  Author  himfclf  goes  into,  adding  that  the  crude  Amber- 
greafe is  void  of  all  Flavour,  fo  like  the  Refin  of  the  Prlis  (of  the  Almond 
and  Pfftach  Kind)  and  fo  eafily  inflammable,  that  many  have  been  de- 
ceived by  it,  and  foffered  for  their  Heedleffneft.    Hi&onimus  a  Huerfa 
fays  it  is  the  Opinion  of  fome,  that  Ambergreafe  is  the  Refm  or  Gum 
of  Trees,  or  the  Kefm  of  the  Pinfe-tree.    Thomas  Bartholin  in  the  Md-' 
<!ico-philofophical  Tranlaftions  of  Copenhagen  of  the  Year  1673,  Obf. 
122.  f.  go6.  +  affirms  that  it  has  the  fame  Origin  with  Amber,  {viz. 
after  he  had  proved  Amber  to  be  the  Refin  of  Trees)  and  makes  no  doubt 
but  that  there  arc  odoriferous  Trees  in  America  which  pour  out  Juices  Of 
the  fame  Nature.  Tacitus  writes,  that  as  the  Trees  in  the  Eaft  fweat  Thus 
^nd  Balfams  (and  why  not  alfo  AnAtrgreafit)  fo  it  was  poflible  that  thofe 


^  Jces  Lew.  in  His  DefcrifHoH  ofAfrka  faysr  that  Ambergreafe  is  tlkrown  op  by  die  Fifli 
jimhara,  f  Odoardiu  Barbofa  remarks  the  £une. 
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of  the  Weft  miehr  fweat  Amber.  All  thefe  Opinions  and  Con3e6hira 
being  conGdered,  is  it  not  moft  probable  that  its  Origin  is  derived  finom 
Trees  ?  For  that  it  is  produced  in  the  Manner  of  Fungufes  is  extremely 
doubtful ;  And  that  it  is  derived  originally  from  Sea  Weed,  or  a  putrid 
Recrement  of  the  Sea,  I  cannot  eafily  believe.  Neither  is  it  probable  diat 
it  is  a  Bitumen,  or  kind  of  Earth ;  and  that  it  is  macle  by  Art,  is  falfe.  Thtt 
it  is  the  Dung  of  Birds,  the  Seed  of  the  Elephant,  or  of  the  Whale,  or  a  li- 
quor, the  Liver,  Seed,  or  Excrement  of  fome  other  Fifli,  appears  to  be  fih 
bulous.  I  fhall  willingly  grant,  however,  that  fomedmes^/fte^dy^^tf/ibd]^ 
unfit  for  Nutrition  (as  Odcardus  Baric/a  remarks)  has  been  vomited  up  by 
Whales,  or  other  Fiihes  of  the  Whale  Kind,  or  has  been  found  in  thdr 
Oefophagus,  or  fometimes  in  their  Stomachs,  thefe  M onfters  devouring 
whatever  comes  in  their  Way.  I  very  much  fufpeft  too,  b^ging  Par- 
don of  thofe  who  are  of  the  contrary  Opinion,  that  that  refinous  Fluid, 
which  the  Indians  of  different  Provinces  call  Agacabac^  HagahaCy  Bimt9g$^ 

I  BiMfoco^  Apittmo  and  Malibabo^  Caj/ancaug  and  Bolotic^  and  which  is  the 

very  fame  with  that  dry  and  hard  Redn,  which  was  brought  to  me  ia 
large  Lumps  from  the  Mountains  of  Hocos  and  Paynanj  is  not  the  trae 
jtmbergreafe.  But  after  a  violent  Storm,  and  heavy  continued  Rao, 
overflowing  the  whole  Country,  it  is  hurried  down  into  the  Sea  by  the 
Impetuoiity  of  the  Torrent,  from  the  uninhabited  inland  Parts,  and  in- 
accef&ble  Tops  of  the  Mountains,  and  being  wafhed  and  toflbd  about 
violently  by  the  Waves,  and  fomewhat  cleared  and  foftened,  by  means 
of  the  Salt  Water  and  the  Force  of  the  Sun's  Rays,  it  is  worked  up  and 
prepared  in  the  Form  that  we  find  it,  *  from  a  Refin  either  lately  walhed 
from  the  Trees,  or  hardened  by  lying  fome  Time  upon  the  Mountains; 
and  is  more  or  lefs  pure,  as  it  has  been  macerated  a  longer  or  (horter 
while  as  the  Sea  Water  has  been  more  or  lefs  tofTed,  and  expofed  to  the 
Sun.  But  fuch  weighty  Bodies  are  feldom  thrown  out  upon  the  Short, 
except  after  the  Country  has  been  overflowed  with  continued  Rains,  and 
the  Sea  ilrongly  agitated  with  furious  Tempefts.  Thofe  large,  fdid, 
and  pure  Pieces  of  Ambergriafe^  free  of  heterogeneous  Bodies,  gathered 
upon  the  Shore  at  Palagpagy  and  brought  to  Manilla  in  January  1694, 
afford  a  (trong  and  evident  Argument  for  this  Conjefture.     (Note,  to- 

/  '1  wards  the  End  of  February  1693  there  was  a  violent  Tcmpeft.)     They 

yftxt partly  of  the  Colour  oi  yellow  Amber ^  or  that  of  Gum  Araikk\ 
more  dufky  than  the  Refin  fent  from  Ihcos^  which  was  almoft  as  pellu- 
cid as  Cryftal,  and  very  like  the  Refin  which  was  brought  from  Paytma^ 
but  lefs  odorous  when  they  were  burnt,  eafily  melting  in  the  Fiie,  in 
the  fame  manner  as  the  Refm,  and  almoft  of  a  ftony  Hardnefs,  fo  that 
neither  the  Knife  nor  the  Teeth  could  make  any  Impreflion  upon  them. 
^artlyj^  Of  on  one  Side,  of  a  whitilh  gray  Colour,  varioufly  cracked, 
and  brittle  indeed^  but  more  folid  than  any  Ambergreafe  I  have  ever  iees. 


*  JBl4irh/4  fayi,  that  by  bring,  oomdoiuilly  expofed.  to.tkc  San  aqd  Moon,  it ' 
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Th^  were  fold  however  for  genuine  and  the  beft  Kind  of  jfrnitr- 
gnaji.    A  certain  Perfon  made  a  Objedion  to  this  Opinion  of  mine» 
faying  that   Ambergreafe  could  not  be  the  Refin  of  Trees,  becaufe 
if  was  found  in  fuch  large  Lumps  \  to  which  I  anfwered,  chat  tlie 
▼arious  little  Lumps  of  Refin  of  which  thefe  large  ones   are  com- 
pofed,  being  homogeneous  and  adhefive,  and  drove  againft  one  another 
by  the  Force  of  the  Waves  or  Torrent,   might  unite  and  cohere 
firmly  together  fo  as  to  form   larger  Pieces.    And   why  Ihould  it 
be  impoflible    for  large  Pieces   of  this  Refin  to   be  found,    when 
thefe  Mountains  nourilh  refinous  Trees  of  an  incredible  Height,  and 
at  Pilis  and  LawvM  there  are  found  Blocks  of  Refin  of  a  hundred 
Feet  long,  and  thofe  Fragments  that  were  brought  from  Socos  and 
Paynan  plainly  fhew  that  the  Stock  they  were  taken  from  muft  have 
been  very  large.     Fran.  Combes  in  his  Hiftory  of  the  Iflands  oi  Mrp- 
datuU^  f.  15.  fays  that  upon  the  Shore  lolb  (called  by  the  Dutch  Date 
Iflani)  there  was  found  a  Piece  of  Ambergreafe  larger  than  the  Body 
of  an  Ox,  but  it  was  almoft   all  fold   for  common  Refin.    Franc. 
Colin  feems  to  mean   the  fame,    in  his  Hiftory  of  the  Pbilifrpint 
J/lands  f.  49.  when  he  fays  that  in  the  Ifland  Idb  there  was*  found 
%  Piece  of  Amhergreaje  of  a  gray  Colour,  and  of  the  very  beft  Kind,, 
weighing  upwar(k  ot  two  hundred  Pounds.     And  I  imagine  J^natius 
Jlzina  in  his  Hiftory  of  the  Byfaian  IJlands  means  alfo  the  fame,,  where 
he  tells  of  a  Piece  of  Ambergreafe  found  at  lolo^  thicker  than  a  Man's 
Body,  and  twice  as  long,  which,  on  Account  of  its  great  Plenty  was 
fold  very  cheap.    In  the  Year  1 632,  at  the  Cape  of  the  Hofy^Ghqfij  up- 
on the  Coaft  of  Igbdiao^.  therc  was  found  a  Fragment  of  Ambergreafe 
weighing  about  five  and  fifty  Pounds,  which  being  extremely  good,, 
was  fold  for  a  thirty  Imperial  Crowns  the  Ounce..    For  an  Indian  who^ 
found  it  accidentally,,  had  filled  three  Bafkets  with  it,  two  of  which, 
not  knowing  what  it  was,  and  confequently  ignorant  of  the  Value  of 
it,  he  had  carried  Home  to  burn  inftead.  of  Refin  (for  formerly  the 
Byfaians  for  the  moft  Part  made  this  Ufe  of  the  Ambergreafe^  not  di» 
ftinguifhing  it  from  Refin)  and  was  going  to  do  the  fame  with  the 
third,  if  a  Gueft  he  had  in  his  Houfe,  who  knew  a  little  more  of  the 
Affair,  had  not  difcovered  by  the  Fragrance  of  the  Smoak,  that  it  was- 
not  common  Refin,  but  exceeding  fine  Ambergreafe.    -^  In  Bangabuny^ 
an.  old  Woman   gathering  of  Shell  Fifli,  found  a  Piece   of  Amber- 
greafe oi  the  Bignefs  of  one's  Arm,  which  fhe  took  to  be  common 
odoriferous  Refin,  (for  there  are  a  great  many  different  Kinds  of  odo- 
riferous Refins  thrown  out  upon  the  Shore,  as  Batete^   which  fmeils^ 
like  Ambergreafe^  and  I  take  it  to  be  the  fame  with  what  they  call  the 
black  Ambergreafe^  •,  becaufe  when  purified,  it  is  frequently  fold  for  a 
cheaper  Kind  of  ^;«i^^^^4/^  ;  Dairiangaoy  znd  Raporago^  which  fmell' 
like  Gum  Benzoin^  ^^^SV  ^i^d  Samato^  with  others  Samata^  fmelling, 

f  CaJ^r  Bayam  about  the  Ytar  1 68o»  met  with  a  Tcry  large  Lump  of  Amiergreafi  la  1 
the  Sea  bdweep  ^USnr  and  J&r«. . 
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iike  liquid  Amber  or  BaUkm)  Ice  it  apart  for  Fom^ation^  and  hA 
alnioft  cottfumed  the  whole  of  it  before  flie  ivas  infonned  what  k  wu 
Ambergreafe  b  frequently  very  adhefire,  and  there  are  many  who  affirm 
that  it  is  fometimes  found  as  foft  as  Tar»  which  Fran.  Combes  feeim 
likewife  to  infinuate^  when  he  fays,  that  ibmetimes  it  is  gathered  kSt 
and  recent  upon  the  Shore,  and  after  being  kept  and  prepared,  ram 
out  extremely  good.  But  the  common  Opinion  is^  which  both  Hiero^ 
nymu  de  Huerta  and  Fran.  Combes  confirm^  that  the  crude  Anobergiole, 
or  that  which  is  new  gathered,  has  no  Sort  of  Fragancy.  But  J^. 
Botero  Benes^  f.  90.  an  jimbergrenfe  Merchant  at  Ava  Ciys,  that  even 
when  it  is  not  adulterated,  it  has  a  very  fragrant  Smell,,  and  fo  Iharp, 
as  being  held  to  the  Nofe,  to  fet  it  preiently  a  bleeding.  Aipbaifns 
de  OvaUe  in  hi$  Hiftory  of  Cbiii  writes,  that  the  gn^f  Ambergreafe  has 
a  fweet  Smell,  and  the  black  a  more  pungent  one,  but  this  Difference 
of  'Smell  and  Colour  proceeds  from  hence,  that  the  black  has  been  a 
(hotter  while  in  the  Sea,  and  lefs  expofed  to  the  Sun  than  the  gray. 
*  I  therefore  impute  the  Bleaching,  Hardneis,  and  Denficy  of  Amber- 
greafe  to  the  Sun,  and  the  Sea  Water,  as  Thomas  Beartbeime  in  the  Me- 
dico-philosophical Tranfad:k)ns  at  Stockholm  in  the  Year  167 1.  Obf.  57. 
f.  113.  imputes  the  Solidity  of  Amber  to  the  fame  Caules.  I  have  a 
Piece  of  the  whiteft  and  fineft  Kind  of  Ambergreafr  bored  in  difiereot 
Places,  with  five  Shell  Fifli,  and  a  Bit  of  rotten  Wood  fticking  in  it* 
Which  is  a  certain  Argument,  that  the  Goodneis  of  it  is  owing  to  ks 
being  frequently  wafhed,  and  Ions  expofed  upon  the  Shore. 
^fibi  Aftef.  XXV.  f .]  I  have  four  forts  of  the  Afb^s  in  mv  Mufirtem.  The 
w*'  l/ir?/if  ^"^  ^''^^  Corfica  or  Corfu^  long,  of  a  woody  Form,  of  half  a  Palna  kogdi 
i^^ncombu^  and  more,  of  a  whitilh  Colour,  fomething  inclining  to  a  reddifli.  The 
tible  Cloth,  4y  fccond  of  a  filverifli  Lead  Colour,  fofter  and  Aorta*,  about  diree  Inches, 
Seignior],  this  was  from Sefiri  di  Penentexn  Ugnria.  The  third  (which  is  the  wofft 
Campini.  n.  Qf  jji)  jg  ij^c  Scales  or  Lamina  one  upon  another  (like  an  Onion)  of  a 
27.3Pv9^'-  hiackifh  Earth  Colour,  with  fome  white,  black,  and  dark  red  Veins, 
interfperfed,  fcarce  two  Parts  of  an  Inch  Roman  long,  therefore  fitier 
for  making  of  Paper,  than  fpinning  or  weaving.  The  fourth  fort,  given 
me  by  Signior  Beccone^  found  in  the  Pyrmaans^  fome  whereof  were 
a  Roman  Palm  long ;  its  Filaments,  though  kMiger,  were  yer  thicker 
and  rougher ;  I  have  heard  of  another  fort  in  Vokaeranis  Montibus. 

Some  have  fuppofed,  that  the  Wieks  of  the  fepulchnd  JLamps  of  tlie 
Andents  were  madeof  this  ;  but  from  Experiments  I  conclude  it  unfit 
for  that  Pucpofe,  always  finding  the  Wieks  made  of  it  to  go  ost,  mA 
not  contraft  or  continue  up  the  Oil  for  the  Flame. 

I  have  kept  it  for  3  Weeks  in  a  Glafs-houfe  Fire,  but  found  k  un* 
altered  i  but  it  would  not  preferve  a  Stick  wrapt  in  it  from  the  Rre ; 
whence  I  conclude,  the  AmiasUus  lofes  nothing  in  the  Fh^  becaofe  ic 

*  Semertus  upon  Bitumen,  dunks  that  the  odorooa  Jmhtrp-Boft  is  a  Bitomea  flowns 
from  Fountains  in  the  Sea,  and  when  it  is  expofed  to  the  Air  opon  the  Sor&ceof  theSei^ 
h  thickened  and  coagulated  in  the  manner  of  Amber, 

does 
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dbes  not  burn  nor  flames  but  in  die  lufiKUkig it  wdte%  though   not 
ouich,  aB  i  found  by  an  cxaft  Ballance. 

As  to  die  Manner  of  Spiming  it»  I  have  tried  thus ;  firft»  I  laid  the 
Stone  in  Water  (tf  warm,  the  better)  for  fome  Tin^e  to  foak ;  then  it  is 
opened  and  divided  with  the  Hands,  that  the  Earthy  Parts  may  fail 
out  of  it»  which  are  whitilh  like  Chalk,  and  hold  the  thready  Parts  to- 
gether ;  tMs  n^akes  the  Water  thick  and  milky  ;  this  is  repeated  fix  or 
^ven  Times  with  frefh  Water,  where  it  is  again  opened  and  fqueezed, 
^  all  the  heter<^;ai£0us  Parts  are  wafhed  out,  and  then  the  Flax-like^ 
Harts  are  coUeded,  and  laid  in  a  Sieve  to  dry. 

Qftht  four  forts  of  jimioMtus^  I  found  that  from  C^^ca  belt,  being 
bog  and  foft ;  and  the  Cjprian  worft  i  I  am  in  doubt,  whether  mine 
was  of  the  beft  fort,  fince  the  Cyprian  was  commended  by  PanciroUus  and: 
othets.    The  Way  of  fpinning  it,  discovered  to  me,  was  thus:  Lay 
the  w^ImmiMu,  clcanfed  as  before,  between  two  Cards,  fueh  as  they  ng.  39.40,. 
card  Wool  with,  where  letiit  be  gently  carded,  and  then  ciapt  up  in  be- 
tween the  Cards,  fo  that  fome  of  it  may  hang  out  at  the  Sides  ;  then 
ky  the  Cards^  b&,  upon  a  Table  or  Bench.  {Fig.  41 .)  Take  a  fmall  Reele,  Fig.  ^n 
0ig.  4Z.)  made  with  a  Utric  Hook  at  the  End,  {Fig.  43,). and  a  Pirt  to  ^*  42»43»' 
turn  it  by,  {Fig.  44.)  is>  thafi  it  may  cafily  be  turned  round  5  this  Reele        ^ 
b  to  be  wound  over  with  fine  Thread  \  then  having  a  fmall  VJefTel  of 
Oyl  ready,  {Fig^  45.)  with  which  the  Fore-finger  and  Thumb  are  con-^'iS"  45^ 
ftttitly  to  l>e  kept  wet,  both  to  preferve  the  Skin  from  the  corrofive 
<^uality  of  the  Stone,  and  to  render  the  Filaments  thereof  more  feft  and 
plyant :  thus  by  twifting  the  Thread  upon  the  Reele  about,  with  the 
j^^b^im  hanging  out  of  the  Cards,,  fome  of  it  will  be  worked  up  together 
with  it ;  by  little  and  litde  t^s  Thread  may  with  Care  be  woven  into 
a  coarfe  fort  of  Cloth,  and  by  putting  it  into  the  Fire,  the  Thread 
and  Oyl  will  be   burnt  away,  and  the  inconibuflible  Cloth  remain.. 
Buc.finding  this  Way  of  uniting  the^Sfone  with  the  Thread  very  tcdi- 
eus,  inftead  of  the  Thread  I  put  fome  Flax  upon  aDiHalF,  and  by 
taking  three  or  four  Filaments  of  the  Ajbeftus^  and  mixing  them  with  the 
Flax,.  I  found  they  might  eafily  be  twitted  together,  and  the  Thread 
thus  made  much.more  durable  and  ttrong :  So  that  there  is  no  Need  of 
carding,  which  rather  breaks  the  Filaments, .  than  does  any  Good;, 
open  only  and  feparate  the  Filaments  after  waihing  upon  a  Table,  and 
take  them  up  with  the  Flax,  which  is  fnfficient.     As  to  the  making  of 
Paper,,  in  the  waihing  the  Stone,  there  will  remait^  fcveral  (hort  Pieces 
in  the  Bottom  of  the  Water,  and  of  thefe  after  the  common  Method 
ftij)ermay  be.  made, 

TJie  beft  Way  of .  preferving  the  Cloth,  or  any  other  Thing  made  of 
the  Stone,,  when  made  (for  by  Reafon  of  its  exceeding  Drynefs  it  is  very 
apt  to  break  and  watte)  is  to  keep  it  always  well  oyled,  which  is  the 
only  Pnsfervative  for  it  •,  and  when  the  Cloth  is  put  in  the  Fire,, the 
Oyl  burns  oflf,  and  the  Cloth  comes  out  white  and  purified. 

2.].  In  the  Grounds  of  Francis  Gordon  oi  Acbindore^  in  the  Shire  of  — 'AHrcftiis,, 
Aberdeen^  near  the  Highlands^  on  the  Side  of  a  Hill  of  a  Heath  kind  of  ^otl^d/^* 
Groiiiid,  fomewhat  inclining  to  what  we  call  Mofs,  in  a  vqry  fmall  j^^,  wiiVon, . 
3  Brook,  0.276. p.  1000 
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Brook,  and  hard  by  it,  in  the  Bounds  of  ten  bi?  twelve  Ytols,  1  fimnd  a 
great  many  Scones,  fome  a  Foot  in  lengthy  which  appeared  plainly  like 
Wood  :  But  bccaufe  I  could  not  perceive  any  Footllep  of  Wood  there- 
ibdut,  neither  could  any  of  them  be  found,  except  in  that  very  Spot  of 
Ground,  I  could  not  be  perfuaded  they  were  petrified  Wood,  Then 
I  went  to  cut  up  the  Ground  about  the  Place  with  my  Kirffe,  where 
I  found  likewifc  fome  Pieces  of  the  Stone,  and  very  near  the  Silperficies 
I  got  feveral  Pieces  of  a  fibrous  Matter,  which  my  Knife  could  not  cut ; 
this  I  immediately  judged  to  be  an  incomiuJtiUe  Matter,  as  ic  proved 
afterwards,  when  I  try'd  it  by  the  Fire.  And  becaufe,  fo  far  as  I  thea 
remember'd  I  had  heard  or  read  of  it,  I  thought  it  had  been  always 
eileemed  certain  Filaments  that  came  off  the  JL«^  Amautbos^  Irefobed 
to  obferve  more  narrowly  the  Produdion  of  it. 

When  I  found  fome  Pieces  c^  the  Stdnes  very  hard  in  the  Mtddk, 
and  the  fibrous  Matter  on  the  CXitfidea  and  Ends,  I  was  indincd  i»  be- 
lieve that  the  Flax  came  from  the  Stone :  But  then  finding  fevecal 
Pieces  of  the  Flax  fo  condenfed  and  preffi^d  together,  that  at  firft  they 
appeared  to  be  hard  Stones,  but  being  a  little  wet,  the  Filaments  were 
'  eafily  parted  from  one  another.    Many  more  I  got,  fome  lels  and  fome 
more  condenfed  into  the  Nature  of  a  Stone ;  4uid  all  of  it,  both  that 
which  was  condenled  together,  and  what  was  not,  was  lying  about 
an  Inch  within  the  Ground,  parallel  with  the  Suifiioe  fo  interwoven 
with  the  Fibres  of  the  Roots  of  the  Grafs,  that  it  feemed  to  me  much 
more  probable  to  believe,  that  the  Lint  turned  into  the  Scone,  than 
the  Stone  into  the  Lint :  Efpecially  feeing  moft  Part  of  the  Stones  ap-. 
peared  fo  tender  and  brittle  on  the  Outfide,  that  it's  hard  to  believe 
now  they  could  turn  into  that  tough  Subftance  of  Flax. 

The  Stones  are  of  different  Sorts,  fome  arc  white,  the  Colour  of 
the  Lint,  and  of  a  very  foft  Subftance;  fothey  may  be  eafiiy  cut 
with  a  Knife  without  blunting  it ;  others  are  much  mix'd  widi  a 
whitiQi  ^alk,  but  moft  of  them  are  of  a  grayiih  Colour,  and  very- 
hard. 

As  for  the  Produftion  of  the  Flax,  I  think  it's  iiard  to  determine  ia 
this  Place ;  becaufe  the  greateft  Quantity  I  found  of  it  was  lying,  as 
I  faid  before,  about  an  Inch  at  moft  within  the  Gtound,  pandiel  widi 
the  Superficies,  interwoven  with  the  Roots  of  the  Grafs,  without  aay 
Root  of  itfelf,  but  alike  at  both  Ends,  as  if  it  were  cut  with  a  Knife. 
The  Ground  wherein  it  is  found  is  of  a  grayifh  Colour,  about  one  lack 
or  two  thick,  under  which  there  is  a  black  Earth  for  a  Foot  in  Depth. 
So  that  I  could  find  nothing  m  the  Places  where  moft  of  it  was  goC» 
that  I  could  rationally  conclude  to  produce  it :  But  in  fome  oti^  Spots 
I  found  much  of  a  Talkijb  Sand,  and  fome  Pieces  of  Flax  near  to  it  ;  as 
alfo  Pieces  of  the  Stone  much  whiter  than  the  reft,  and  very  like  TaBti 
which  would  incline  one  to  believe  that  it  was  produced  of  it.     Tct 
there  being  no  Appearance  of  any  Tali  in  the  other  Places,  where  melt 
of  it  Was  found,  I  can  fcarce  conclude  any  Thing  about  the  ProduAioQ 
of  it,  but  leave  it  to  others. 


—  r — y»r.';^ 
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.  ''PHMfi  JUam9n4f^9  and  Oiaus  j^anmus  make  it  very  Ihotit*  \whercas     ..  _ 
fome  of  thisliound  five,  fix,  fevcn,  and  fome  eight  Inches  long.  .. 

...  As  for  tt^  making  of  it  into  Cloth,  they  all  conclude  it  very  hard  : 
Pliny  czWs'itinvenfu  rarum^  texiu  difficile  propter  hrevitatem.  Olaus  fTar- 
mius  in  his  Mufjeuffi^  fay^.  Modus  vero^  quo  ex  eo.fiunt  Una^  jam  penitUs 
i^fV^tHT*^  J  &onfe(s  indeed,  it  is  true  what\P//^  fays  *,  yet  it  may  be 
feen,'  by  the  Experiment  I  have  fhewn,  in  making  Yarn  of  it,  th^t 

^jQoth  may  be^madeof  it  alfo,  for  the  Difficulty  is  much. greater  in  the        ,. 
one  than  the  oc^er..  '   '  i  :      . 

.3.]  I-m:eiv'djhe  following  Account  from  a  Gentleman  in  the  -fiiffi-  ^-^enthebmt, 
^Undsy  Cnot  many. Miles  froni  Coupar  oi  Angus)  who  had  lately  bwilt  an  ^JI*^'  ^* 
Houfe  ot  ^Jingular  kind  of  Stone^  digg'd  out  of  a  Quarry  not  far  from  p^  . '  ^  ^^^' 
Jiim.     This  ^tQ4e,  after  the  Rubbifii  (which  is  not  very  deep)  is  done  - 

;aj^rayjt  lies  Hprp:o|tfally  in  a  Bed  cndu'd  with  parajileL  Fibrjcs;  with  few  • .    - 

Interftices,  ifoft  at  the  Beginning,  and  eafy  to  oe  fmooth'd  and  polifh'^i 
,9rkhout  any  Toolj  but  rather  with  Sand,  or  another  hard  Stone  .of  a.r::  -  * :, 
bliieiih  Co]our».  ;which  afterwards  hardens  fo,  that  it  refiji^e^  ^he  I'tfH'- 
ries  of  i|^.  or  Prejudice  of  fire.     When  firft  the  C^uarrier  hc^v^  tp  .dig 
it,  he  was  at  a  mighty  Lofs  ;  for  endei^vouring. to  cut  and  wife  it^aftcp.     .? .,.: .  • 
the  ordinary  Manner  with  Wedges,  and  other  ufual  InAruments,  it 
broke  and  crumbled  all  to  Pieces  :  But  afterwards,  obferving  more  nar- 
ti^ly  t[iq  pi^  ipf  its  Fibres  (fo  to  fpeak)  he  endeavpured  to.<:ut  it    .,  ..;.     .. 
swith  Spades^  iiengthways  i  and  by  this  Means  he  procured  Stooes  as  big  >^  -  - 

as  he  had  a  Mind,  which  fmoothcd  very  eafity  along  the  Tr^  of  their 
Fibres ;  but  when  cut  tranfverfe,  ho  Means  nor  Methods  could  rehdel: 
them  fmooth;  -but  their  Surface  remained  unequal  as  the  Exeremtties 
of  a  Piece  of  Wood.  Although  this  Quarry  has  but  few  Interftices, 
yet  in  thofe  it  has  the  true  AJbefioi^  ota  whitilh  Silver  Surface,  confift- 
ing  di  ivftr^k  fafciculi  with  parallel  Fibres,  like  to  thofe  of  the  mufcu- 
lar  Fibres  of  falted  Beef  5  e^Iy  Separable  from  each  other,  pure  white, 
till  it  becomes  fo  fmall  as  the  fineft  Flax  -,  and  fo  duAile,  that  it  may  be 

fpuninto  the  fineft  Thread,  whereof  it  were  .eafy  to  make  the  i«com» :^^.  > 

buftible  Cloth,  fo  famous  for  Shrines  among  the  Ancients.    In  other    ..♦•  .-.  -  • 
Places  of  thofe  Interftices  was  likewife  to  be  obferved  a  reddifh  Sub-;      '.• 
ftance,  near  tp  the  Colour  of  Sanguis  Draconis  ;  but  whether  fibrous  01; 
not,.  I  cannot  fay,  fince  the  Gentleman  could  not  (hew  me  any  of  it  j 
but  added,  he  believed  it  might  be  good  for  dying.    I  got  a  fniall  Par- 
cel of  the  jijbefios  from  him ;  and  he  told  me,  if  he  had  known  its  Va- 
lue, he  could  have  preferv*d  fome  Pounds  of  it.     I  am  ready  to  think 
the  fecond  kind  was  fibrous  too,  which  might  make  a  very  beautifu) 
Cloth,  being  ftriped  with  the  other.     This  whole  Quarry  may  be  faid  . 
to  be  JJbeftos  of  different  Colours,  the  blueifti  being  of  a  much  coarfer, 
and  the  white  and  red  of  a  finer  Grain. 

XXVI.  Papers  Omitted. 
I.  A  Defcription  of  fome  SbeUs^  brought  from  the  Molucca  IJlands^  by  «^-'  274*  P^ 
Mr.  Syhanus  Landan^  and  Mr.  RsmUfim  Jacobs^  by  Mr.  7.  Petiver.       9^7- 
Vol.  IV.  Part  n.  5  E  2.  A 
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C  H  A  R    IV. 

Magnetics. 

o/Oi  ifivcB.  L  rri  HE  Doftrineof  the  Afoj^i^f  has  been,  I  befieve^  more  improved 

fow^imlf      -t     ^T^  ^^  i?«^#>  than  by  any  oAcr  Nation  ^  attd  I  am  of  Opini- 

/I^MMfcer^^n,  that  the  Martnet^s  Compafs  was  originally  an  E^^  Inmcntioii  5  not 

Comniis,  iy  otiXj  becaufe  England  was  of  old  as  ftmous  for  Navigadon  as  aay  other 

Dr.  J.  Willis.  Nation,  long  before  the  Hottand  Sea-Trade  was  in  being  5  but  (fiiice 

?o?  c^n  2%  "^^  Invenrions  commonly  take  their  Names  from  die  Place  where  the 

p.  I  i«6l  *^  '  Invention  itfelf  is  taken)  from  the  Name  itfelf  of  the  Nfarincr's  Compap. 

The  Word  Compafs  (in.  Latia  Or  cuius  NauHcus)  is  an  anttent  £qrafc 

VfovAy  for  what  we  orficrwife  jqdw  call  by  a  FremJf  Name  a  drvU.    la 

•  ^ty  where  I  was  born  and  bred»  it  was  commonly  ufed  10  that  Senfe» 

whea  I  was  a  Youth  \  and  Mt^ew  in  his  Diftionary  takes  Grde  and 

Compafs  indifferently  to  fignify  the  fame  with  Circuius  :  ^  And  hence  it » 

that  Circinus  is  in  Efiglifb  call'd  a  Compafs^  (or  a  Pair  of  Chafes)  as 

being^the  Inftrument  wherewith  We  ddcribea  Compafs  or  Grcle\  but 

whetber 


(1% 

^«thfir  Cirnm%  callM  by  .us  a  Pair  oC  Qpp^es^  wwf  liaT^  fiwjc  Kkc. 

l)Vne  in  another  L^guage,  I  do  not  know,,  noi^  how  anticntly.    ' 

.1  do  ftot  know  that  the  WordC^»^tf/>,.or  any.  Word  like  jt,.  was 
cVfit  ufed  in  any  other  Language  for  a  Circle  Ini^mtely^  .or.  for  any  cthet 
Ci/cle  than  tY^tOrcidus  Naiaicm.  In  French  it  is  Qrcky  Cehbio  iii  Ita- 
Uaky,  Circtdo  in  Spamjhy  or  fomc  other  Word  derivM  from  the  Latin 
GtcmJus  i  and  from  hence  the  Grculm  N^uHcus  may  come  to  be  caird 
t]\fi  Mariner* s  Cmpafi^  which  N^e  being  given  it  by  the  firil  Inventory 
might  give  Occafion  for  like  Names  in  other  Languages,  Fre7u:by  Ifa- 
UoMy  German^  &c.  Compafiy  Oimpaj[o^  ZH-Campafs^  Sec.  which  Name^ 
together  with  the  Art,  I  guefs  they  borrowed  from  England. 
.  I  might  urge  the  iame  from  another  Name,  Bojfoh^  B(iffhla^  &c.  For 
as  GrctUus  Nauticus  is  the  Mariner'ji.Compafs^  fo  Pyxis  Nautica  is  the  Ma* 
riner's  Box^  (fpr  the  Engliji  Box  is  from  the  LafiM  Pyxis)  md  Pyxidula 
(as  a  Diminutive  from  fyxis)  muft  be  Bcxel^  or  fome  Wprd  like  it, 
which  eafily  paiTeth  i^to  the  Frenck  Bmcle^  Boujfok ;  and  the  Italian 
Bogola^  Boujfula  \  which  all  feem  to  be  from  the  EngUfo  Boxel  {JPyxidu-^ 
la)  a  little  Sox ;  foftcning  the  found  of  the  Letter  x'mjfh  as  in  Jlejfafi^' 
dro  for  Jkxandro. 

.All  which,  though  it.  be  not  a  direA  I)emonfhri^i(m^  yet  (fince  it  is 
not  agreed  by  whom,  or  where  the  Compafs  was  invented)  may  in  the^ 
Silence  of  Hxftory  be  admitte4  as  ^  projbabk  Omjeliurej  and  a  plaulible' 
Pretence  to  the  Invention,  till  a  better  claim  do  appear  y  £os:  New  In- 
ventions commonly  take  their  Names  from  wheacei  the  Invention  itf^lf  is 
taken. 

And  where  Inventions  creep  in  by  Degr^es^  it  mufl:  t)ot  be  thought 
ftrange,  if  it  be  not  cafy  to  %,  who  is  the  Fkp  hventor.  .    /    ' 

in  the  prefent  Cafe,  he  who  firft  obferyed  (1  know  not  by  w^at  Acci- 
dent) that  the  Magnet  hath  a  Polarityp  6v  Inclination  KorthWacd,,  made 
the  Firft  Step  towards  this  Invention.  This  (I  tbii^k)  was  at  firlt  woat 
to  be  (hewed,  by  putting  a  Magnet  into  a  little  Boat,  fwinuning  on 
Water,  when  it  was  pbierved,  that  this  Magnet  would,  of  itfclf  fb  fteer 
this  little  Boat,  as  that  a  certain  Point  in  the  Magnet  would  (if  not 
hmdered)  turn  toward  the  Norths  Which  Point  was  thereupon  called 
the  Magt^t*^  JVi^r/i^  P,0i^  \       , 

He  ^t  afterward  obferved  that  this  Verticity,  or  Polarity,  wag 
oomm^^nbl^  to  a  Piece  of  Iron  oi:  Steel,  nibbed  on  a  Magnet, '  added 
a  further  Step, 

A^  he  i|ho  contrived  a  Way  tcr  fet  a  Needle  or  Piece  of  Steel  fo 
tqjupi  on  a  iharp  Pin,  fo  af  in  the  Air  to  move  harizoritally  there^ 
oi%  Was  of  ideif  to  find  out  the  Norths  and  point  toward  it,  as  bew 
^ft^  the  fwimming  Magnet  in  its  Boat  liad  done  on  the  Wajier,  had 
i«t^  difcovored  a  new  £sperimeat  in  Naitur^l  JPhildfophy,  very  fur- 
prizing. 

But  ^s  cannot  yet  be  cadled  QrciJm  Nauticus  (or  the  Mariner's 
Cm^afs)  till  they  had  furtfa^  contrived  a  Way  how  to  put  a  Needle 
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thus  poifiu!  into  a  Box,  with  a  Compafs  or  Circle  round  it ;  fo  divided 
as  to  denote  the  Azimutbal  Points  of  the  Hmzon^  or,  as  they  be  now 
called;  the  Points  of  the  Compafs ;  and  lb  cbmmodioufly  to  fix  this  Box, 
f6  prepared,  to  the  Ship,  as  thereby  to  inftruft  the  Mariner  or  Stecrf- 
man  toward  what  Point  of  the  Compafs  the  Ship  moved  ;  that  hj  the 
tlelp  of  the  Rudder  he  might  put  it  into  fuch  a  Courfc,  as  was  proper 
for  his  Voyage.  And  it  was  now  indeed  Pyxis  Nautica  or  Circubis  Nau- 
ttcusj  (the  Mariner's  Box  or  Compafs)  but  not  till  then.  And  he  who 
firft  contrived  this  Application,  did  compUat  this  Invention  of  Circuho- 
Nauticus.  But  all  thofe  antecedent  Difcoveries  were  Steps  towards  it, 
and. Parts  of  the  Invention. 

Now  it  is  not  likely  that  all  thefe  Difcoveries  were  made  at  once,  by 
the  fame  Man,  at  the  fame  Time,  but  fucceflively,  by  the  joint  Advice 
of  divers  inquifitive  Men,  and  in  a  confiderable  Traft  of  Time ;  yet 
all  perhaps  of  the  fame  Nation,  and  probably  the  BngUfi). 

But  whoever  gave  the  firft  Hint  of  this  Invention,  certain  it  is,  that 
the  great  Improvements  of  the  Magnetic  Doftrine  are  due  to  the  Enjiifb^ 
and  chieAy  to  thofe  about  London  and  Grefiam  College.  And  it  is  fit 
the  Memory  of  it  Ihould  be  prcferved. 

The  Cafe  is  much  the  fame  with  that  of  Pr/«/iVrf  ,  which  we  cannot 
reafonably  fuppofe  to  be  invented  all  at  once,  nor  perhaps  all  by  the 
fame  Man  •,  but  rather,  by  the  concurrent  Advice  of  divers,  and  in  a 
confidcrable  Traft  of  Time,  before  it  came  to  that  Degree  of  Perfec- 
tion which  we  now  call  Printing. 

It  might  be  firft  obferved,  that  the.  Shape  of  a  Letter,  Figure,  or 
Pifture,  gfaven  on  Wood  or  Metal,  might  (with  help  of  a  convenient 
Preparation  of  Oil,  Ink,  or  coloured  Liquor)  be  ftamped  on  Paper ; 
and,  if  once,  then  as  oft  as  you  pleafe. 

And  if  by  ftamping  the  Print  on  Paper,  then  as  well  hj  due  Ap- 
plication of  the  Paper  to  the  Print,  thus  prepared. 

And  if  one,  then  by  the  fame  Reafon  to  two  or  more,  if  fitly  con- 
joined, and  even  to  a  whole  Page  at  once ;  and,  of  that,  as  many 
Copies  as  we  pleafe. 

But,  this  being  admitted,  it  remains  fiirther  to  be  contrived,  how  all 
thefe  Prints  or  Stamps  for  a  whole  Page  fhall  be  fo  compofed  into  one 
Frame,  that  the  Paper  may  be  applied  to  all  at  bnce.  ^^ 

It  is  then  to  be  confidered  farther^  what  kind  of  hk^  ^flPbippewhac 
inftead  of  Ink)  is  to  be  applied,  to  the  Face  of  the  Letters,  thus  com- 
pofed  i  for  common  Writing-ink  will  not  fcrve  the  Turn.  #       ^gg^ 

Then,  how  the  Paper  fhall  be  applied  (with  an  equal  PrefluiMplli 
fufficient)  fo  as  to  take  ofl^  juft  fo  much  of  that  Ink,  as  reprefenn  ^m 
Faceofthofe  Letters,  and  no  more.  ij5'; 

And  after  all  this,  it  muft  be  further  contrived,  how  to  ercfit  ral|||^ 
a.  Strudlure,  as  what  we  now  call  a  Printing-Prefs^  and  how  to  manage 
it,  fo  as  toaiifwer  all  thefe  Exigences :  For,  till  all  this  be  dooe,  wc 
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arf  not  arrived  at  what  we  call  Priniing.    But  all  thole  prerious  Con- 
trivances, muft  be  owned  as  Parts  of  the  hrvcniion. 

And  in  the  Magnetic  Do&rine  likewife.  And  to  thofe  previous  Dif- 
coveries,  muft  be  added,  the  fuhfeqnent  Improvements  of  Magnetic 
Knowledge,  fince  the  firft  l/jfe  of  the  Mariner's  Compafs. 

But  whoever  was  the  firft  Inventor  of  the  Mariner* s  Campafsj  it  is  cer- 
tain, that  the  Doffrine  of  the  Magnet  has  received  very  great  Improve- 
ments from  the  EngUfi\  from  Blagrofve,  Gunter^  GelUbrand^  Gilbert^ 
NtfTWOody  fVrigbtj  BrigSy  Fofter^  &c.  and  of  late  by  Capt.  Halley  in  his 
Map  of  the  Magnetic  Vartatiens  \  which  I  look  upon  as  an  excellent 
Dcfign,  well  contriv'd,  and  well  executed,  aftd  which  fixes  the  Bufinefs 
of  the  Magnetic  Variation  in  thefe  Seas  for  the  prefent  Time. 

I  think  it  is  agreed  on  by  all  Hands,  that  what  we  call  the  Variation  of 
the  Needle^  is  an  Englijb  Dtfcovery^  (of  Mr.  Gellibrandj  if  I  miftake  not, 
one  of  Sir  Thomas  Grefiam*^  Profeffors  at  Grefiam  College)  about  the* 
Year  1625.  that  is,  that  the  Magnetic  Needle  in  its  horizontal  Pofition 
doth  not  retain  the  fame  Declination  or  Variation  from  the  true  North, 
in  the  fame  Place,  at  all  Times,  but  doth  fucceffively  vary  that  Decli- 
nation from  Time  to  Time  5  which,  though  it  were  about  that  Time  a 
New  lyifcovery^  is  now  admitted  as  an  undoubted  Truth. 

It  was  about  the  Beginning  of  the  Reign  of  King  Cbarks  the  Firft,, 
that  Mr.  Gdlibrand  (if  I  have  not  been  mifinformed)  caufed  the  Great 
Concave  Dial  to  be  erefted  in  the  Privy-Garden  at  JVbitebally  with  great 
Care  to  fix  a  true  Meridian-Line  %  and  with  a  lai^e  Magnetic  Needle^. 
fhewing  its  Variation  from  that  Meridian  from  Time  to  Time.  And  I 
think  it  were  not  amifs,  if  exaft  Obfervation  were  now  made,  whether 
the  Meridian  be  now  juft  the  fame  as  it  was  then  ;  for  it  is  very  poffible,, 
that  the  Pok  of  the  Earth  may  in  Thne  fuffer  fome  little  Variation  (which  . 
may  not  readily  be  difcerned)  which  may  caufe  an  Alteration  of  the  Me- 
ridian Line :  And  this,  if  fo,  will  be  more  difcernible  nearer  the  Pole,, 
than  farther  off. 

'  What  we  call  the  Dipping  Needle^  is  admitted  alfo  to  be  an  Englijb' 
Difcovery,  (I  think  of  Mr.  Blagraoif^)  fomewhat  older  than  the  former,, 
that  is,  that  the  Magnetic  Needle^  befides  its  Horizontal  Dircftion  toward 
the  North,  hath  alfo  a  Direftion  of  jiltitude  above  the  Horizon,  if  bal- 
anced on  an  Horizontal  Axis  ;  pointing,  as  it  were,  with  its  Northern 
End  in  our  Climate  to  fome  Point  within  the  Body  of  the  Earth. 
Whether  or  no  this  DireAion  do  vary  from  Time  to  Time  as  doth 
that  of  its  Horizontal  Pofition  Northward,  I  cannot  tell  -,  nor  do  I 
know  whether  or  no  it  hath  been  yet  obferved  •,  nor  whether  or  no  the 
Southern  End  in  other  Parts  of  the  World  do  dip^  as  the  Northern  End; 
doth  with  us. 

*Tis  alfo  an  EngUfl)  Ohfirvation^  that  not  only  a  Magnetic  Needle^  but 
any  Piece  df  Iron  (if  kept  long  in  the  fame  Pofture)  fhall  of  itfclf  con- 
trafb  a  Polarity.  As  for  Inftance,  an  ereft  Bar  in  a  Window>  after  long 
Cbntinuance  in  that  Pofition,  will,  if  duly  poifed,  be  found  with  its 
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End.  And  Lf  afterwards  it  he  cgntuwed  long  in  a  contnuy  Pofitioiv 
it  will  attain  a  contrary  Polarity. 

And  Mr.  jt^'/jur/'s  Notion  (of  tbe  Earth's  wbnlc  Body  being  but  one 
great  Magnet  ^  and^  leffer  Magnets  bei^g  fo  many  SCardla^s^  fympa* 
diizing  with  the  whole)  is  EngUft^  alfo. 

It  hath  been  obicrved  alfo^  that  a  niagnctic  Needle,  if  beafied  red* 
hot,  will  lofe  its  Polarity ;  and,  if  then  cooled  in  a  c<mtcary  Pofidoo, 
will  acquire  a  contrary  Polarity. 

It  hath  alfo  been  obfer^ed  by  our  En^^  Mariners,  (and»  I  chink, 
more  than  once)  that,  upon  a  great  Flaflx  of  L^btmng  at  Sea  their 
Magnetic  Needle  hath  loft  its  former  Polarity,  and  contraftcd  the  con- 
trary. 

In  general,  the  Doftrine  of  Magneiifm  hath  been  mote  improved  fay 
our  EngUJb  Naturalifts,  than  (for  ought  I  know)  by  any  other  Nadoo. 
And,  if  fome  one  would  take  the  Pains  to  give  us  a  true  Hiflory  of 
thefe  (and  the  like)  Improvements,  it  would  be  an  acceptable  Work* 
and  for  the  Honour  of  the  Nation. 

Magnedcal  II.  I.]  Having  lately  invented  an  Azimuth  Cun^afs^  as  1  was  pre- 
Experiments  paring  it  for  obferving  the  Magmtic  Variation^  I  took  Occalioa  to  cry 
Tfv?^^^r  ^^^^^^  Magnetic  Experiments,  and  by  that  Means  happened  upon  chk 
W.  bcrham.  ^^  Pb^enommm. 

n.  303.  p.  Having  touched  a  Piece  of  Wire,  fo  that  it  {bx>Bgly  tended  N.  and 

2>36-  S.  I  was  minded  to  fee  whether  it  would  have  any  Inciinaiion  to  cither 

of  the  Poles  of  the  World,  when  turned  round  like  a  Ring,  fo  chat  the 
two  Ends  of  the  Wire  met :  And  having  again  Uraightened  it,  I  was 
^  furprized  to  find  it  had  quite  loft  its  Ferticity  \  the  (faufe  of  which,  I 
prefencly  concluded,  to  be  the  Contadt  of  the  Northern  and  Soucbem 
Ends  of  tlie  Wire,  which  I  thought  might  fo  in^uence  one  the  other, 
as  to  confufe  its  Poles  ;  although  I  confefs  I  had  never  obfiuired  any  fucfa 
Confufion  to  arife  upon  the  bare  Contad  of  the  Northern  and  Soucbem 
Ends  of  two  other  touched  Pieces  of  Wire* 

Upon  this,  I  touched  ftrongly  the  fame,  and  other  Pieces  of  &e& 
Iron  Wire,  and  having  found  them,  all  greedily  to  turn  N.  and  S.  I 
coyled  them  round  io  as  that  the  Ends  fhould  not  come  near  one  ano- 
ther, and  again  fpeedily  opened  them  ftraight  \  and  founds  as  befwc^ 
that  every  Piece  had  utterly  loft  its  FerticUy^  Nay,  the  Magnetic  Fit- 
ttti  was  fo  abfolutely  deftroyed  by  bending  the  Wire,  that  it  had  not 
only  loft  its  Inclination  to  either  Pole,  but  the  two  Ends  of  eacK,  Wire 
feemed  indifferent  to  the  Poles  of  the  L»s4/hn€^  viz.  whereas  befioR 
the  bending,  the  adverfe  Poles  of  the  Loadfime  would  r^l,  and  the 
fimilar  Poles  attraft  the  adverfe,  or  fimilarEodsof  the  Wire^  now 
the  repulflve  Virtue  was  quite  extinguiftied,  and  either  End  would 
indifferently  be  attraAed  by  either  Pjple  of  the  Magnet  y  jUI  one  as  if 

the 


^  Wire  luA  bedti  healed  red^hoe  (which  !»  well  known  to  deftroy  the 
Tirtue)  or  nerer  had  been  touched  at  all. 

,  This  I  expmmonted:  over  and  Wer  ^m  upon  Wires  of  different 
Lengths,  with  the  iame  Succds.    Only  this  muft  be  obferved,  if  you 
Mly  bend  the  Wire  rounds  fo  as  that  It  AaII  fytimg  back  into  its  Place, 
or  recdil,  fo  as  td  be  near  the  fame  StraightAeis,  that  dien  no  fuch,  o^ 
Ixit  Jittle  of  fuchy  Effedt  will  enfiie.     But  to  produce  this  Efieft,  the 
Wire  muft  htjbatply  bent,  io  as  that  Violaia  may  be  exerted  upon  it- 
If  itbecoyled  two  or  threei  times  round  a  i^all  round  Stick,  it  will  beft 
fucceed:    And  ihrther  alfo,  it  is  neceflary  tiiat  every  Part  of  the  Wire 
flvould  be  bent,  to  evacuate  the  Magnetic  Virtue :  For  if  the  Ends,  or 
any  other  Part  has^ix  not  to^  fuffer  the  Violence  <^  bending,  that  Part 
ftall  retam  its  Magfietifm  s  As  for  Iriftance,  if  the  Wire  be  all  coyled, 
except  half  an  Inch,  or  indeed  half  al  tenth  of  an  Inch  at  each  End, 
erery  Part  ia  c^yled  Ihalt  both  lofe  hs  Verticity,  and  fhall  incline  indif- 
ferently to  either  Pole  of  the  Majgnet  -,  but  the  two  Ends  (although  not 
abb  to  turn  the  whole  Wbe  N;  and  S.)  Ihall  fly  from,  or  tend  unto  the 
refpcftive  Pole  of  the  M^et :  Or  if  every  Part  of  the  Wire  be  coy!- 
ed,  except  a  fm^l  Bit  ac  one  End  only,  all  that  coyled  Pattv  when 
extended,  ihall  utterly  be  deprived  of  its  Magnetifm  as  before  i  and 
only  that  uncoyled  Bit  itfeain  its  Averficm,  or  Inclination  to  the  Mag* 
neric  Poles. 

From  the  Confideradon  of  all  which  Particulars,  it  i^  very  manifeft, 
that  die  Violence  exerted  upon  the  Wire  by  bending,  doth  utterly  ex- 
tirpate the  Magnetic  Virtue,  or  at  leaft  make  fneh  a  Confufion  therein, 
that  it  is  as  if  wholly  deftroyed :  Which  is  a  Cafe  very  odd,,  and  never 
(that  I  have  ever  met  whh)  taken  Notice  of  befwe. 

2.]  The  Account  which  I  lately  gave  of  tlie  Deftruffim  rf  ihe  Mag-  PurtlicrO*>r- 
neiic  Vfftui  in  a  touched  Piece  of  Iron  Wire,  by  Bending^  or  Coyting'^^^'^^^' 
t9Uni^  I  thought  had  been  New  :  But  by  looking  oyer  what  others  have  ^1%!^^ 
written  of  Magnetics^  I  find  in  Grimaldi  Je  Lumine  Cif  Colorej.  that  he,  p.  2138. 
and  in  our  PbiL  Tramf  N^  188.  •  that  M.  Je  ia  Hire  had  hit  upon  the  »ViV.  Sapnu. 
£ime  Difcovery  before  me.     And  I  am  gkd  that  I  have  the  Authority  V.  n.  C>  IV^ 
«f  others  on  my  Side,  the  Experiment  not  fucceeding  in  fome  Tryals  ^ 

The  Mat^ter  of  Faft  9fBS  thus,  and  to  me  furpriTing :  I  touched  and 
coyfed  Several  Iron  Wires,  but  the  Eflfeft  that  enfocd  was  not  fuch  as  1 
tdW  the  Society.  The  Verticity  was  indeed  much  weakened^  but  not 
totally  deftiJoyed,  and  the  Ends  of  the  Wires  would  be  atcraAed  or 
n^>elkd  by  the  Poles  of  the  Magnet  -,  whereas  I  faid  they  ufed  only  to 
be  attraAed.  iFhe  next  Morning  i  tried  ag^  ;  and  then  the  M^ 
jietifm  of  the  Wires  was  totally  deftroyed,  as  I  related.  This  Experi- 
ment I  repeated  drrers  Times,  and  on  divers  Wires  this  Winter,  and 
^emmonly  find,  that,  all  the  Day,  coy  ling  will  evacuate  the  M^netifm  ; 
but  that  itwiUnot  ahfolutely  do  it  in  the  Evenings.    But  whether  it 
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will  do  fo  in  Summer^  or  all  Weathers^  or  whecher  it  fucceedeth  dms 
only  in  different  Times  of  the  Day^  I  muft  leave  to  farther  Tryak  I 
well  know  that  the  Orb  of  the  Adivity  of  Magnets,  is  latter,  or  Ids, 
at  diflFerent  Timos.  That  noble  Magnet  in  the  Society's  Repofitory, 
found  in  Devonfinre  by  Dr.  CoHtmt  is  knowf^  in  fome  Weathers  (or  at 
fome  Times)  to  keep  a  Key,  or  other  Piece  of  Iron^  fufpended  to  ano- 
ther Iron,  at  8,  9,  or  10  Feet  Diftance.  But  at  other  Times,  the  Inn 
will  drop  down  at  the  Difbuice  of  3  or  4  Feec  from  the  Magnet.  Now 
whether  at  all,  or  how  far  this  may  reach  the  fore-mentioned  Cafe,  I 
cannot  fay,  not  having  as  yet  fufficiendy  experimented  the  Matter. 

Finding  the  Cafe  thus  with  Ccyledf  or  B^  Wire^  I  was  minded  to 
try  the  Event  of  Swiping  oi  Iron  Wire  from  End  to  End,  after  it  had 
bc^n  well  touched.  The  S^ccefs  i^as,  the  Fortuity  was  always  weaken- 
ed, and  fometimes  inverted-  And  whed  it  was  fo,.  the  Load-fiooe  did 
•accordingly  commonly  repel  or  attract,  all  one  as  if  the  twifting  6tt 
Wire  had  given  a  new  Touch  the  contrary  Way^ 

But  in  fome  Wires  fo  twifted  the  Vcrticity  was  wholly  deftroyed» 
or  rather  much  confufed  :  For  I  found  by  drawing  one  of  the  P<d»  of 
the  Load-Hone  along  near  the  Sides  of  the  Wire,  that  in  fonne  Places  it, 
would  attraft,  in  others  repel,  and  [o  attract  and  repel  all  along  the 
Wire.  Ife^i  I  fancied  in. fome  Places,  thaj:  one  Side  of  the  Wire  would 
be  attraftcd,  the  other  repelled  by  one  and  the  fame  Pole  of  the 
Load-ftpne. 

To  thefe  odd  Changes  I  could  add  divers  others,  which  the  Twi/Uj^ 
produced :  But  thefe  do  fufficiently  fhcw,  that  the  Magnetic  Virtue  is 
put  into  great  Confufion  by  the  Violence  exerted  upon  the  Wire  by 
Twifting :  Which  not  only  feparateth  tiie  Fibres  of  the  Iron  (as  may  be 
feen  with  the  Eye,  cfpccially  aflifted  with  a  Microfcope)  but  alio  chang- 
eth  their  Situation  from  Longways  to  Screw- ways, 

I  then  try'd  what  would  be  the  Iflfue  of  SpUuifig  or  Ckavi^  touched 
Wires :  Particularly  whether  they  would  exert  the  fiunc  E£fe&s  that 
Magnets  are  faid  to  do,  when  fawn  in  two  Meridionally.  Concemii^ 
which  Dr.  Ridle>f  \\  faith,  ^'  Cut  a  Piece  from  a  Magnet-ftone  merk&K 
*'  nally,  and  that  End  which  was  placed  S.  when  it  was  whole,  beii^ 
^^  fevered,  will  turn  North,  although  naturally  at  firft  it  was  the  ^ 
"  Point.'*  But  Mr.  Barlow  is  of  a  contrary  Mind,  and  faich^  That 
the  Poles  of  fuch  a  Piece  of  Magnet,  when  fevered,  will  aUior  the 
fame  Poles,  to  which  it  grew  in  the  whole  Magnet.  But  he  £ib- 
joins  f  ;  "  But  here  you  muft  beware  of  an  Error,  which  ibmc  tm- 
''  happily  have  entangled  themfelves  withal,  who  beholding  the  afbic- 
'^  mentioned  Difcord,  wrongfully  fuppofed^  that  if  both  thefe  Mag* 
"  nets  the  greater  and  the  lefs  [1.  e.  the  Piece  cut  oflF]  were  contc- 
*'  niently  placed  to  fwim  in  Water,  the  little  one  would  not  wkh 
^'  his  End  point  unto  the  South  of  the  Earth  as  it  did  in  the  Mag- 
"  net  being  entire,  when  it  was  a  Part  of  the  true  North  Bind,  but 
^^  would  point  contrarily.    There  is  (faith  he)  no  Manner  of  any  fuck 
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^  Akeriatk)n^  but  tfiat  bdtk  tte  great  one,  theJktleote,  MJti«U(3ie 
^  like,  chat  are  cut  M^rWIidnanj  one  from  anothrft  will  ftbfiduiel/- 
^  point  the  iame  Way  which  the  entire  one  did.  OvXy  the  Mfirtdian 
"  will  be  fomcwhat  removed,  Cjlt/* 

Dr.  Gilhtrt  is  as  e)tprefs  as  Mr.  Bm'law,  For  (L.  2.  c.  5.)  fpeaku^  ojf 
t  Magnet  divided,  and  Ihewing  how  that  the  Parts,  whidi  in  the  whiQite 
Stone  coalefced,  do  by  Separation  repel  one  another,  be  faith.  Thai 
what  was  the  N.  and  5.  Pole  hefrn^t^  isfiubfiiU.  Non  mm  (feitil  He)  iff- 
mutaiur  Vertititas  (qwd  maH  affilrmat  B.  Porta.)  Nam  Ucti  {Pdiifipara$i\ 
non  convmunty  ut  alter  ad  dUemm  inctinaret  \  tamen  ttUrque  in  idem  So^ 
fizcntis  punltum  c^nvertumur. 

How  the  Truth  lieth  between  Dr.  I^Mey  and  the  two  htter  Aiutjbors,' 
I  cannot  determine,  having  never  fo  cut  a  Magnet*  But  by  the  Mag*- 
netic  Laws,  as  well  as  from  the  Authority  of  Dr.  Gilbirt  ami  Mr.  Bar- 
lo%Vy  I  doubt  not  but  the  latter  is  ^e  trueft  Opinion. 

But  in  Cleft  Wires  the  Cafe  is  very  uncoudi :  Oftentimes  the  Pole« 
are  quite  changed :  So  that  what  was  the  Nartb^  becometh  the  South 
Pole  of  t^e  Wir^  in  all  Refpedts  ;  I  mean,  not  only  turning,  but  aifo 
embracing,  or  avoiding  the  Poles  of  the  Load^ftone,  as  if  it  had  re-; 
ceived  a  new,  and  contrary  Touch.  Soraetimes  one  half  of  the  Wire 
will  retain  its  Magnetifm,  which  it  had  before  fplitting,  and  the  other 
half  have  it  quite  changed.  Sometimes  no  Change  at  all  will  enfue, 
only  the  Magnetifm  be  much  weakened ;  as  indeed  It  always  is 
in  all  the  Experiments  where  the  Wire  is  fplit,  (But  generally,  where 
one  of  the  Halves  hath  fuffered  Change,  the  other  not,  I  have  obferved, 
that  'tis  the  thinned  and  weakeft  that  hath  been  changed,  and  the  thick* 
eft  hath  retained  its  Touch.)  Sometimes  where  one  of  the  fplit  Halves 
received  an  inverted  Verticity^  or  feemeth  to  have  no  Vcrticity  at  all, 
one  of  its  Ends  will  incline  to  one  of  the  Poles  of  the  Magnet,  not  ac- 
cording to  its  Touch,  but  in  an  inverted  Order,  and  the  odier  End  be 
iattrafted  indifferently  by  both  the  Poles  of  the  Loadftont.  And  in 
fome  Cafes,  that  End  ihall  be  attrafted  by  oae:Pole,  but  be  neither  Kt- 
trafted  nor  repelled  by  the  Other  i  but  ftand  as  it  were  hefitating  whe- 
ther it  had  bcft  fly  to,  ol*  from  that  Pole  of  the  Loadftone.  Only  if 
that  Pole  of  the  Magnet  be  too  near,  then  diat  End  of  the  Wire  will 
conftantly  fly  thereto  :  As  indeed  it  is  the  Nature  of  all  MagndtS  and 
Magnetic  Bodies  to  do,  when  they  touch  or  approach  very  near  one. 
another,  though  they  repelled  before. 

The  Caufe  of  thefe  great  Changes  in  touched  Wire  produced  by 
Splittings  I  haye  fometimes  imagihed  to  arife  from  the  Violence  exerted 
thereon  by  bending.    But  in  fome  Wires  that  I  fpKt,  or  cleft  with  yttf  * 
little  bending,  one  half  hath  been  utterly  changed,  the  other,  not. 

In  others  that  I  cleft,  by  fuflering  the  Halves  to  bend  as  much  as 
they  would,  no  Change  hath  been;  and  iomt  have  qtiite  fuflPered 
Change. 
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Sometimes  I  have  imagiaed  that  the  Splitting  the  Wires  ia  a  N.  or 
S.  Pofition,  or  that  the  ^ginning  to  fplit  at  the  N.  or  S.  Eod  of  the 
Wire  firft,  might  be  the  Caufe  of  this  Contraverfion  of  the  Poles.  But 
Trials  (hewed  there  was  little  in  any  of  this. 

Thus  1  would  have' done  with  ^/  or  Clefi  Wires  %  t>ut  there  is  one 
Thing  very  lurprizing,  viz.  That  ibe  lading  om^  or  the  ether  SiJe  ef  tke 
Half  uMenmfi^  will  caufe  a  great  Alteration  in  its  Tendenqr,  or  A- 
verfion  to  the  Poles  of  the  Magnet  (as  I  have  faid)«  But  if  you  lay 
the  contrary  Side  of  that  Half  uppermoft*  the  fame  End  (hall  be  at- 
trafted  by  one,  and  repelled  by  the  other  Pole  of  the  Magnet.  Ia 
other  Pieces,  where  the  Ends  are  regularly  attra&ed  or  repelled,  only 
in  an  inverted  Order  (as  if  new  touched)  if  it  lay  with  the  round 
Side  uppermoft  at  that  Time,  and  be  then  turned  uplide  down,  viz. 
the  flat  cleft  Side  uppermoft,  ^tis  ten  to  one  if  one  of  the  Ends  be  not 
either  attracted  by  both  the  Poles,  or  repelled  by  both  -,  or  elie  at- 
traced  or  repelled  by  one,  and  he(hates  as  to  the  other.  For  fo  it  of- 
ten befals. 

The  Caufe  of  this  Lubricity  of  the  Magnetifm,  I  imagined  might 
be,  betatlife  the  Sides  or  Edges  of  the  Wire  had  received  contrary  Poles 
by  Splitting:  And  confequently  were  turned  topfy-turvy,  that  what 
'Was  the  N.  might  then  be  the  S.  Edge  of  the  Half.  But  I  could  ne^er 
difcover  but  that  the  Sides  of  each  End,  or  of  any  other  Part,  were  the 
fame,  when  I  held  the  Loadftone  to  one  or  the  other  Side.  Which  in- 
deed I  always  did  in  every  Experiment  for  greater  Certainty  Sake. 
*  My- Hand  being  in,  I  try'd  the  old  Experiment  of  touching  Wirtt, 
By  ruhbm^  them  backwards  and  forwards  with  one  of  the  Poles  of  the 
Loadftone,  becaufe  it  might  probably  give  fome  Light  into  the  afore- 
mentiofied  ftrange  Pbsnomena. 

Mr;  Barlow  was  I  think  the  firft  that  difcovered  the  Error  of  this 
Way  of  Touching,  viz*  That  it  weakencth  or  much  hurteth  the 
Touch.  This  I  try'd,  and  found  what  is  faid  not  only  to  be  true,  hax 
aMb  that  the  ReaTon  thereof  is,  Becaufe  the  Poles  of  the  JVire^  or  Ne^^ 
fo  touched^  are  not  at  the  Ends^  but  in  or  near  the  Middle  of  the  Wire  or 
NeeMi.  Sometimes  one  is  near  the  Center,  the  other  at  one  or  both 
Ends.  For  in  fome  Wires  fo  touched,  both  the  Ends  of  the  Wilt 
would  be  attraAed  by  one  Pole  of  the  Loadftone,  and  repelled  by  the 
'Other :  And  in  fuch  Cafe  the  repelling  Pole  always  found  a  fympathesk 
Part  near  the  Center  of  the  Wire.  In  others  (cfpecially  where  a  Vcr- 
'ticity  fucceedcd,  as  fometimcs  it  will  do,  and  that  pretty  ftrongly  too» 
in  fuch  a  Cafe)  the  Verticity  would  be  inverted,  and  the  Ends  of  the 
Wire  be  attraded  and  repelled  in  a  direft  contrary  Manner  to  the  Na- 
tural Form.  And  the  Reafon  of  all  this  will  be  manifeft  from  tbefe 
following  Experiments. 

I  touched  a  Wire  from  End  to  End  with  only  one  Pole  of  the  Mag- 
net :  This  gave  fo  vigorous  a  Touch,  that  I  am  almoft  of  Opiniois 
//  is  the  bitji  Wa!j  of  Touching.    The  Confequcoce  was,  the  End  where 
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I  began  alwafys  turned  <:ontrary  to  the  Pole  that  touched  it.  I  again 
touched  the  fame  Wire,  and  others  too  with  the  other  Pole  of  the  Mag- 
net, from  the  fame  End,  and  then  that  End  turned  the  contrary  Way^ 
t.  g.  Mark  one  End  of  a  Wire  for  the  North  End,  and  touch  that  Wire, 
by  drawing  the  N.  Pole  of  the  Magnet  divers  Times  along  the  Wire 
•from  the  N.  to  the  S.  End ;  this  Wire,  fo  touched,  fhall  have  a  vigo- 
rous Verticity,  but  the  North  End  fliall  ftand  South:  But  if  you  touch 
that,  or  anotiier  Wire,  (for  it  is  all  one,  becaufe  the  latter  deftroys  the 
former  Touch;  I  fay,  if  you  touch)  by  drawing  the  N.  Pole  of  the 
Magnet  from  the  S.  to  the  N.  End  of  the  Wire,  then  this  N.  End  will 
turn  N.  And  fo  it  will  do  the  fame,  if  you  touch  with  the  Southern 
'Pole  from  the  N.  to  the  S. 

There  is  one  Experiment  more,  doth  yet  give  farther  Light  into 
what  goeth  before,  viz.  I  touched  an  Iron  Wire  exaftly  in  the  Middle 
with  only  one  Pole  of  the  Loadftone,  without  drawing  it  backwards 
or  forwards.  The  Event  was,  that  in  that  Place  that  Pole  of  the  Wire 
was,  and  the  tWo  Ends  were  the  contrary  Pole  of  the  Wire,  and  were 
accordingly  repelled  or  attrafted  by  the  Poles  of  the  Loadftone :  And 
the  Middle,  and  an  Inch  or  more  on  each  Side,  was  attrafted  by  the 
Pole  only  that  touched  it. 

If  we  rcfleft  and  compare  the  foregoing  Experiments  one  with  ano^ 
ther,  they  not  only  illuftrate  one  another,  but  feem  to  lay  open  a  fair 
Way  towards  the  Difcovery  of  a  great  many  of  the  intricate  Pbammena 
of  Magneticks* 

III.  I;]  Without  mentioning  the  DifBculties  that  attend  the  ttzkAng  Bxpmments 
of  Experiments  of  this  Nature,  I  fhall  give  an  Account  of  their  Succefs.  concerning  the 

I  took  a  Quadrant  of  four  Feet  Radius,  and  having  fix'd  it  to  the  Proportion  ^f 
Floor,  in  Che  Pofition  of  the  Needle,  Whofe  South  Point  direfted  itfelf  JJ^  L3o{e 
to  no  Degrees,  I  then  fix*d  a  Board  (likewife  on  the  Floor)  in  a  direft  at  different 
Angle  from  the  fame,  the  Graduations  on  which  Board  were  3  Inches  Diftanccs,  by 
diftaht  from  each  other.     The  Needle  was  fufpended  on  a  Point  ari-^'*-^-^*^^" 
fing  from  the  Center  of  the  Quadrant,  from  whence  were  meafured  the  p*!'o6.  ^^^' 
feveral  Stations  of  the  Magnet.     The  Magnet  was  laid  on  a  thin  Piece 
of  Board,  under  which,  to  one  Side  was  nailM  a  narrow  Slip  of  Wood, 
to  flide  it  along  the  Side  of  the  foremention'd  graduated  Board,  where- 
by the  Stone  might  be  always  kept  in  the  fameDire6tion  to  the  Needle, 
The  Stone  that  I  ufed,    weighed    about  fix  Pounds;    was   rough, 
and  of  an  irregular  Figure  *,  yet  I  could  difcover  no  Inconveniency  in  the 
Experiment  arifing  from  the  fame,  it  being,  and  afting  at  all  Diftances 
in  \kt  ifame  Pofition  as  it  is  firft  plac'd  on  the  Board :  And  I  fee  no  Rea- 
fon  to  doubt,  but  the  Proportions  of  its  Power  will  be  regular,  and 
agreeable  to  the  feveral  Diftances^  as  more  than  once  I  have  obferv*d.  For 
when  the  Stone  hath  been  differently-  pofited  on  thefore-mention*d  thin 
Bojjird,  different  Angles  of  the  Needle  would  enfue  at  the  fame  Stations, 
yet  their  Proportions  one  to  another  would  be  nearly  the  fame.     My 
*       '  5  F  2  Meaning 


Mffping  bdu :  Suppofe  the  Stone  va&  fb  pl4^*d»  as  at  3  Inches  frooi 
the  Necdkf  it  would  give  the  Needle  2m  Angle  of  90  Degices,  tbf 
Stow  being  continued  in  the  fame  DireAion,  at  the  feveral  Statitikis,  the 
PvoportioAS  of  its  Power  one  to  another  wpuld  \)c  much  the  fame,  as 
if  the  Angle  of  the  Needle  at  the  firft  Beginning  n^ade  but  87,  or  even 
but  80  Degrees  on  the  Quadrant ;  for  upon  a  fmail  Alterrtioa  of  ^ 
Poles  pf  the  Scone,  fuch  Diverfity  of  ^gles  ¥dll  arile. 

*In  thele  Ezperinents  I  noade  ufe  of  two  Needles,  one  of  a  lUdius  of 
6  Inches,  the  other  but  oi^e  Inch  ^  which  laft,  after  many  Trials,  I 
found  to  be  moft  accurate,  belides  the  Advantage  it  gave  in  beginning 
the  Experiment  6  Inches  neyer  the  Stone,  than  the  other  i  and  from 
two  Feet  Diftance  from  the  £une,  it  became  nearly  s^greeable  to  the 
Angki  made  by  the  long  Needle  to  all  the  farther  Diftances ;  as  you  will 
find  by  the  following  Tables,  which  were  made  with  the  feveral  Ncodks 
in  the  iame  Direftion  of  the  Stone.  I  meafured  the  Angles  by  a  Slk 
Thread  ftrained  direSly  over  the  Needle  to  that  Part  of  the  Quadrant  to 
which  it  was  dircAed  %  which  was  the  beil  Way  1  could  contrive  to  come 
neareft  the  Tntth. 

It  may  be  obferv'd  from  the  following  Tables,  that  the  long  Needle 
at  9  Inches  from  the  Stone,  made  fomewhat  a  larger  Ai^le  than  the 
ihort  !M«!edle  at  3  Inches  Diilance  from  the  fame ;  that  the  fbort  NccdJ^ 
«t  the  Diftance  of  9  Inchest  made  an  Angle  of  9  Degrees  lefs  than  die 
long  #ne  at  the  f^me  Place.  But  this  Odds  will  eafify  be  accounted 
for,  if  we  confider  the  Difproportions  of  the  Needles  Lengths ;  for  the 
Point  of  the  long  Needle  at  9  Inches,  was  brought  within  an  Inch  as 
near  the  Scone,  as  the  Point  of  the  fhort  Needle  was,  when  but  3 
Inches  difbnt  from  the  fame :  The  Point  of  the  fhort  Needle  at  9  Inches 
from  the  Stone,  was  5  Inches  farther  from  it,  than  the  long  one  at  the 
fame  Station.  Thefe  Difproportions  being  confider*d,  it  is  no  Won- 
der fijph  Differepce  <^  Angles  fhoold  enfue  upon  the  Ufe  of  the  fi^ 
vera!  Needles  near  the.  Stone  •,  for  at  two  Feet^  and  the  £utiier  Di- 
ftanccS)  they  bepome  nearly  agreeable,  as  I  laid  before.  "When  I 
ipeak  of  Diftances  from  the  Needle,  I  always  mean  from  the  Center 
of  it. 

Farther  it  is  obfervable,  that  the  Stone  at  5  Feet  Diftance  fnmi  the 
Keedle  made  an  Angle  of  2  Degrees  with  one,  and  with  the  pdber  pf  two 
and  a  half)  yet  upon  the  Abfence  of  the  Stone,  they  would  return  to  no 
Degrees,  as  at  firft :  Which  plainly  fhews,  that  the  Influence  of  the 
Stone  extended  farther  ^  although  Obfervations,  at  remoter  Stations, 
could  not  eafily  be  determined. 

At  greater  Diftances,  and  even  the  more  remote  in  thefe  TaUes,  the 
Power  of  the  Stone  is  (o  weak,  and  the  meafuring  the  Angles  at  all 
Times  exaAIy,  fo  diiBcult,  that  'tis  well  if  w«  come  fomefimca  ^  ^ 
10  or  20  Minutes  of  the  Truth. 
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JSixfcrimints  fy  thefiori  Needle. 
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kqhc  froni 

m  Inchq, . 
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9- 
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57' 
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■45 
-00 
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40 
30 

X5 

X5 
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Experiments  iy  the  long  Needle. 


Diftance3of 
die  Load- 
uOoe  i^om 
thft  Needle 
la  Inches. 


9" 
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24- 
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V 
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4- 

3- 

3- 
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-15 
-20 
•00 
-10 
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.  a8o 
>  i8q 

•  130 

•  90 

■  75 
.65 

.  40 

•  30 

•  25 

•  20 

•  15 

•  00 


The  Stone  with  which  thefe  Experiments  were  made, 
w*s  of  this  Form,  and  weigh'd  earaftly  fix.  Pouml, 
one  Ounce,  and  a  Quarter,  Arerdupois- Weight.  Its 
Breadth  at  the  North-pok  was  four  Jndies,  atjthe  Sou^h- 
pole  five  Inches ;  the  floics  running  tf^rough  die  Stone, 
in  the  Dir^ftion  of  the  pricfc'd  'Line.  'J'he  l^ength  of 
the  fhorteft  Side  was  fix  Inches  and  a  Half,  and  of  the 
iongeft  yide  feven  Inches  and  a'Half.  Its^'Httckpefs  at 
the  North-pole  was  one  Inch  and  a  riajf,  and  at  the. 
South-pole  one  Inch.  . 

2.]  By  Order  of  the  Ra^-al  Society,  M.r.  Hawlkjhee  and  myfeU*  made  '« •'^•r" '/ 
an  Experiment  with  the  great  Loadftone  belonging  to. the  Society,.  »n!jS^^*ii 
or;LT  to  difcoverthe  Law  of  the  Magnetical  Attr^ftion,  an_Account|Lawe//i« 
of  wliich  I  gavt  to  the  Society,  in  a  Letter  to  Dr.  Sloatie^  dated  7*>i«lMagneticai 
?  5,  1712.'  -Since  that,  Mr.  Hawkjbee  .Tir.de  another  £2xperiincnt  of  the  .^^°^^\  ^ 
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fame  Nature  with  a  fmaller  Loadftone ;  upon  compadng  the  Niunfaen 
of  that  Experiment  with  thofe  of  die  other,  I  find^  the  Numbers  of 
the  firft  Experiment  to  be  very  much  more  regular  3  wherefore  I  con- 
clude the  firtt  Experiment  to  be  the  befl:..^  It  wa$  made  ih  the  following 
Manner:  :  t 

*  We  placed  the  Great  Loadftone  belcmging 
to  the  Rosal  Society  fo,  that  its  two  Poles  lay 
in  the  Plane  of  the  Horizon,  and  were  in  a 
Line  exactly  at  Right  Angles  with  the  natural 
Direction  of  the  Needle  we  made  ufe  of  (which 
was  that  J5r.  HalUy  had  made  to.  obferVc  the 
Variations  with:)  And  by  means  of  a  Carriage 
contrived  for  that  purpole,  the  Stone  was  cafily 
moved  to  and  fro,  the  Poles  continuing  always 
in  the  fame  Line.    The  Needle  was  fo  placed, 

that  the  Center  it  playM  upon,  was  in  the  fame  _ 

Line  with  the  Poles  of  the  Stone ;  the  North-pole  being  towards  the 
Needle.  .  W^  qieafur'd  theDiftances  from  the  Center  of  the  Needle  to 
the  Extreouty  of  the  Stone :  and  we  found  the  Variations  of  the  Needle 
from  its.  natural  Fofition,  to  be  as  in  this  Table. 


1 


Dift.Peet. 

Variat. 

I 

81          45 

2 

58          00 

3 

30          00 

4 

1  16          od 

1 

9'        20 

5         35 

I 

3         30 

2         20 

9 

'         35 

.rfirflJ- 


CHAP,     V. 


Agriculture.     Botany. 


bfthe  Manu-  A  ■  ^  H  E  Countics  oi  Londm-Dirry  and  t)onegal  in  Irehnd^  are  Very 

|^"|^/^^*      I    '    niountainous,  and  thofe  Mountains  covered  with  Bogs  and 

ixth^dXtZ     "*■      Heath,  infomuch  that  there  is  little  Arable  Ground  in  them, 

Archhifixfp  of  cxccpt  what  has  lately  been  made  fo.     There  are  three  Ways  praAifed 

Dublin,  n.     to  reduce  Heath  and  Bog  to  Arable  Land  :  The  firft  is,  by  cutting  cf 

3«4-  P-  S9-  the  Scurf  of  the  Ground,  making  up  the  Turf  fo  cut  ih  Heaps,  and 

when  the  Sun  has  dried  thefc  Heaps,  they  are  then  fct  on  Firt ;  when 

burnt  as  much  as^  they  can  be,  then  thofe  Heaps  are  fcattered,  on  the 

Ground,  and  it  being  ploughed,  it  bcareth  Barley,  Rye,  or  Oats,  for 

about  three  Years. 

The  Inconveniences  are,   firft,   that  fuch  Burning  defiles  the  Air, 

•   caufeth  Rain  and  Wind,  is  not  praftical  in  a  wet  Summer,  and  by  de- 

ftroying  the  Sap  of  the  Earth  and  Roots  of  the  Grafs,  and  all  other 

Vegetables,  renders  it  ufclefs  for  fcveral  Years  after  the  third,  in  which 

•       '  "    4t^is  ploughed.  ■  ........ 

The 
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r  Thc,fccoi^d  Way  is  hytinung ;  this  is  much  better  than  the  former^ 
^  becaufe  it  doth  not  fo  mucK. depauperate  the  Ground,  will,laft  Iong> 
k  and  beareth  better  Grain,  and  whatever  is  pretended,  doth  riot  deftroy 
i  the  Grafs,  if  due  Care  be  taken  not  to  over-plough  it ;  but  then  this  is 
u        Very  dear,  and  ]L^ime-ftone  is  not  every  where  to  be  had,  and  in  many 

Places  Fire  is 'wanting.  ^    , 

T  Dung  is  the  common  Manure  in  all  Places,  arid  therefore  t  fhall  fay 

nothing  of  it.  V 

•  Marl  is  not  ufed^  that  I  have  obferved,  in  the  Norths  but  about  thft 

?  Sea-fide  the  great  Manure  is  Shells :  Any  one  that  will  look  into  the  Map, 

r  will  fee  how  the  Bay  of  London-Derryj  commonly  called  Loughfoyle^  lies  j 

s  towards  the  Eaftern  Part  of  it  there  lie  feveral  Eminencies  that  hardly 

'appear  at  low  Water ;  thefe  are  made  of  Shells  of  Sea-Fifli  of  all  forts, 

more  particularly  of  Perewinkle,  Cockles,  Limpet,  ^c.  The  Country 

.  Men  come  with  Boats  at  low  Water,  and  carry  Loads  of  thefe  Shells 

away  j  they  leave  them  in  Heaps  on  the  Shore,  and  there  let  them  lie   ' 

till  they  drain  and  dry,  and  by  that  Means  become  miich  lighter  for 

I  Carriage  •,  they  carry  them  by  Boats  as  far  as  the  Rivers  will  allow 

t  them,  and  then  in  Sacks  on  Horfes,  perhaps  fix  or  feven  Miles  into  the 

,        .  Country  j  they  allow  fometimes  40,  but  moftly  80  Barrels  to  an  Acre  ; 

they  agree  with  boggy,  heathy,  clayey,  wet>  or  ftifF  Land,  but  not 

'  with  fandy.     They  feem  to  give  the  Land  a  fort  of  Ferment,,  as  Barm 

.  doth  to  Bread,  opening  and  loofening  the  Clods,  and  by  that  Means 

making  Way  for  the  Roots  to  penetrate,  and  the  Moifture  to  enter  into 

..  the  Fibres  of  the  Roots :  The  Manure  continues  fo  long,  that  I  could 

^nd  none  that  could  determine  the  Time  of  its  enduring. 

The  Reafon  of  its  long  Continuance  feems  to  be  this,  that  the  Shells 
melt  every  Year  a  little,  till  they  be  all  fpent,  which  requires  a  confi- 
derable  Time,  whereas  Lime,  t^c.  operates  all  in  a  Manure  at  once  ; 
but  it*s  to  be  obferved,  that  ia  fix  or  feven  Years  the  Ground  grows  fo 
mellow,  that  the  Corn  that  grows  on  it  becomes  rank,  and  runs  out  in 
Straw  to  fuch  a  length,  that  it  can't  fupport  icfelf,  and  then  the  Land 
muft  be  fuffered  to  lie  a  Year  or  two,  that  the  Ferment  may  be  a  little 
quieted,  and  the  Clods  harden,  and  then  it  will  bear  as  long  again,  and 
for  ought  I  know  and  could  find,  it  continues  to  do  fo  with  the  like 
Intermifljons  for  20  or  30  Years. 

In  the  Years  in  which  the  Land  is  not  ploughed,  it  bears  a  fine  Grafs, 
mixed  with  Daifies  in  Abundance  ;  and  it  is  pleafant  to  fee  a  deep  high 
Mountain,  that  a  few  Years  before  was  all  black  with  Heath,  on  a 
fudden  look  white  with  Daifies  and  Flowers. 

It  fines  the  Grafs,  but  makes  it  fliort,  tho''  thick.  Obferving  that 
this  Manure  produced  Flowers  in  the  Field,  I  made  my  Gardener  ufc 
thefe  Shells  in  my  Flower-Garden,  and  never  faw  better  Carnations,,  or 
Plowers  fairer  or  larger  than  in  that  cold  Climate  5  and  it  contributes 
to  deft:roy  Weeds,  at  leaft  doth  not  produce  them  fo  much  as  Dung  -y.  it 
likewifc  produces  very  good  Potatoes  at  about  a^  Foot  Diftancc  from  Potatoes. 

one 
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6rit  juiothef ;  and  this  Is  a  Method  of  itduchig  bogey  bOtm  Ltod. 
They  lay  a  tiule  Dung  or  Straw  on  thfe  Land,  and^rihkle  it  widk 
Shells  i  romctimes  they  cut  the  Potatoes*  ff  large*  that  they  may  go 
the  further,  and  then  dig  Trcncheft  about  fix  or  fevcn  Fdct  Diftancei 
mid  throw  the  Earth  or  Soil*  they  take  out  of  thetni  on  the  Potatoest 
io  as  to  cover  them,  and  then  fencing  the  Plot  of  Ground  fo  planted, 
let  them  gro^.  Plant  them  in  y^ril  or  Af^,  and  they  are  ripe  in 
Jt^uft  i  they  dig  them  as  they  have  Occafioo^  and  kit  them  lie  tin 
ijext  Ifcar,  thrti  dig  them  again^  and  fo  the  thiM  Year ;  every  Year 
they  by  this  Means  go  deeper  in  the  Earthy  and  the  laft  they  dig  them, 
then  J)ick  them  out  as  carefully  as  they  can,  that  little  Seed  may  rc- 
hiain  5  and  the  fourth  Year  they  plough  the  Grouhd,  and  fow  Barley, 
and  the  Produce  is  very  good  tor  fome  Years,  Some  Potatoes  will 
i^emain  and  grow  Up  without  any  Hurt  to  the  Barley  or  OaCs  j  and 
thofe  they  dig  and  pick  out,  and  the  Ground  remains  good  and  arable 
ever  after. 

*Tis  obfervable^  that  Shells  do  bfcft  in  bOggy  Ground,  where  dw 
Surface  is  Turf;  Turf  generally  is  nothing  but  the  Produft  of  Vege- 
tables, fuch  as  Grafs,  Heath,  6?c.  that  being  rotten,  the  Salt  is  wafhol 
away  by  the  Water,  and  there  remains  only  the  earthy,  and  efpecially 
the  fulphureous  Parts  of  them,  as  appears  from  the  IttBammability  d 
Turf-,  now  Shells  being  chiefly  a  Salt,  it  incorporates  with  the  Sul- 
phur of  the  Plants^  and  renders  them  fit  for  the  V^etation  of  new 
Plants. 

And  this  appears  further  from  this,  that  Shells  th^t  have  been  undv 
the  Salt  Water  are  much  better  than  fuch  i&  have  been  in  the  Earth, 
to  dry  at  the  Strands  :  Almoft  about  the  Bay  of  Londonderry^  if  yoa 
dig  a  Foot  or  tWo>  it  yields  Shells,  and  whole  Banks  are  made  up  of 
them  i  but  thefe,  tho*  more  intire  than  fuch  as  are  brooght  out  of  the 
Shell  Ifland,  are  not  fo  profitable  for  Manure. 

1  obferved  in  a  Place  near  Newtown-Lanupoaifj  about  two  Miles 
from  the  Sea,  a  Bed  of  Shells,  fuch  as  lie  on  the  Strand  j  the  Place  was 
covered  with  a  Scurf  of  wet  Q)outy  Earth,  about  a  Foot  thick  ;  the 
Country  People  ufed  the  Shells,  but  they  were  not  reckoned  fo  good  as 
thofe  that  are  found  in  the  Sea  or  near  it. 

The  Land  about  the  Sea-fide  bears  very  indifierent  Wheat,  nor  will 
the  Shells  do  in  that  Particular,  without  fome  Dung  5  but  I  very  much 
doubt,  whether  that  be  not  due  to  the  Ignorance  of  the  Farmers,  tbac 
genei-ally  underftahd  nothing  of  Wheat. 

Some  Thouiands  of  Acres  have  been  improved  by  the  Shells^  and 
that  which  formerly  was  not  worth  a  Groat  per  Acre,  is  now  wortk 
four  Shillings :  They  have  in  many  Places  thus  improved  the  vay 
Mountains,  that  before  were  very  Turf  Bogs.  In  thele  they  meet  widi 
this  Inconveniency,  that  if  the  Seafon  for  Ploughing  proves  wec»  their 
'  Horfes  fmk  fo  deep  in  the  Soil,  that  they  can't  plough  tc»  efpeddly 
after  two  or  three  Years. 
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They  commotily;  made  Lime  of  the  Shells  formerly,  and  fome  do  Ko 
ftilL  1  have  not,  that  I  remember,  feen  any  fuch  Lime,  but  I  undcrftood 
that  it  bound  very,  well,  and  I  believe  it  is  not  fo  corrofive  as  Lime 
made  of  Stone  \  for  I  find,  in  the  Hiftory  ofCtylanj  that  they  make  up 
their  Land  with  Lime  of  Oyfter-Shells,  and  which  I  believe  would  be 
impracticable  with  Common  Lime* 

About  30  Years  ago  they  made  Lime  of  the  Shells^  and  manur'd 
their  Lands  with  it  -,  but  a  poor  Countryman,  that»  out  of  Lazinefs  or 
Poverty,  had  not  provided  to  make  Lime,  threw  the  Shells  unburnt 
on  his  Land  ;  his  Crop  prov'd  as  good  as  his  Neighbours,  and  the  fe- 
cond  and  third  Crop  better,  and  all  took  the  Hint,  and  have  ufed  them 
.  fo  ever  fince. 

Where  Shells  are  not  to  be  procurM,  Sea-Rack  or  Sand  fupply  the 
Want  of  them,  but  are  not  fo  good ;  Sea-Rack  lafts  but  three  Years, 
and  Sand  little  longer. 

.  'Tis  certain,  Ireland  has  been  better  inhabited  than  it  is  at  prefent : 
Mountains  that  now  are  covcr'd  with  Bogs,  have  formerly  been  plowed ; 
for  when  you  dig  five  or  fix  Feet  deep,  you  difcovcr  a  proper  Soil  for 
Vegetables,  and  find  it  plow'd  into  Ridges  and  Furrows.  This  is  ob- 
fervable  in  the  wild  Mountains  between  jlrdmagb  and  Dundalk^  where 
the  Redoubt  is  built,  and  likewife  on  the  Mountains  of  Altmore:  The 
fame*  as  I  am  inform'd,  has  been  obferv'd  in  the  Counties  of  Landon-Der- 
ryj  and  Donegal  ^  a  Plow  was  found  in  a  very  deep  Bog  in  the  latter, 
and  a  Hedge  with  Wattles  ftanding  under  a  Bog  that  was  five  or  fix  Feet 
deep  above  it.  I  have  feen  the  Stump  of  a  large  Tree  in  a  Bog,  ten  Feet 
deep,  at  Ccfik-Forbes ;  The  trunk  had  been  burnt,  and  fome  of  the  Cin- 
ders and  Aihes  lay  ftill  on  the  Stump.  I  have  feen  likewife  large  o}d 
Oaks  grow  on  Land,  that  had  the  Remains  of  Ridges  and  Furrows: 
And  I  am  told,  that  on  the  Top  of  a  high  Mountain  in  the  North,  there 
are  yet  remaining  the  Streets  and  Footfteps  of  a  large  Town  i  and  in- 
deed there  are  but  few  Places,  which  do  not  vifibly  (when  the  Bog 
is  removed)  retain  Marks  of  the  Plow  \  which  fure  muft  prove,  that  the 
Country  was  well  inhabited.  It*s  likely  that  the  Banes  firft,  and  then 
-the  Englijby  deftroy'd  the  People  §  and  the  old  Woods  feem  to  thofe  that 
pretend  to  judge,  to  be  about  three  or  four  hundred  Years  (landing, 
which  was  near  the  Time  that  Courcey  and  the  EngUjb  fubdued  the  North 
of  Irelandy  and  'tis  likely  made  Hayock  of  the  People,  that  remain*d 
^ter  the  Danes  were  beat  out  of  Ireland. 

II.  The  Burning  of  the. Surface  of  the  Land  is  fo  much  pradis'd  in  Q/*/*/ Manu- 
Bev&nftnre^  that  'tis  clfcwhcre  known  by  the  Name  oi  DevonJbirhig%  but  ^^^J^^J^J^,^ 
is  ufed  only  for  bad  Lands,  and  by  worfc  Hufbands,  tor  it  robs  the  Scvonfhkc/^ 
Ground.  fy  Dr.  a[ 

Salt  quickens  dead  Land,  and  is  ufed  in  the  South  Weft  Part  of  the  Buiy.  n.  316, 
.Country,  which  woiild  ejfe  be  the  barrenncft,  but  is  now  the  richeft  Part  P-  *^*' 
of  it.    They  go  as  far  as  the  Sea  will  permit  them,  at  the  loweft  Ebb, 
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and  take  d)c  Sud  tn  Bags;  and  ca^iyltonHtoliS^badc  i4M^ 
the  Country,  and  fprcaid  it  upon  the^Landt  and  tli*febyirtiprovcit  boch 
for  Corn  and  Gfafe.    fn  other  Parts  they  force  their  4>aFi%a  Land,  by 
'  mingling  the 'Eahh  with  Lime,  and  catting  it  u^on  ithe'>6K>uiid. 

\n  this  they  tllflfer^  that  Grude  and  Single- J^^/f,  if  ftte^M  updn  tfcc 
Ground,. does  not  improve^  but  corrode  it;  bitt  Inmt^  tbo*  unmmg)cd^ 
befttcrs  it:  But  in  this  they  agfpe,  that  they  produce  not  Gmfs  fit  fcr 
^hc  Scythe,  but  For  Pifture,  fliort  and  fweift,  and  Which  grows  all  the 
Winter;  fo  that  their -Sheep  khow  not  cither  Hay"  or  Water,  nor  arc 
their  higheft  Grounds  parchM  by  the  Sun  in  tHe  hetteft  S«mmer.  Tkc 
bcft  Way  is,  to  mix  thefe  Male-  and  Female  Salts  •,  for  the  Sea  Salt  is 
to6  lufty  and  aiftive  of  it£blf ;  the  Lime  has  a  more  Baifamicy  but  gen- 
tler Salt,  and  regularly  join*d  with  the  other,  is  thereby  inv^oratci 
How  to  mix  thofe  two,  dauidr  thus  direfti :  Take  (fays  he;  ^d- 
Lime  J  Jet  itfiack  by  Time  without  Water ;  then  take  Sedt  and  fFatery  mh^ 
them  together^  and  make  them  into  Balls  or  Pieces^  which  you  pUafe ;  dry  Ibm 
as  you  do  Bricks^  then  bum  them  for  about  two  Hours ;  this  Con^fi  mil  oh 
rich  thttoerejt  Land. 

Thole  who  are  much  devoted  to  Agriculture,  ihouid  chufc  fiichi 
Situation  for  aDwellmg,  as  is  beft  accommodated  with  Lime,  Sak, 
and  Coals  5  and  if  our  Gentry  trndcrftood  this  Hulhahdry,  they  would 
fo  far  free  Salt  from  its  Tax,,  as  it  fliould  be  employed  on  Laad,  whi(i 
is  not  intended  to  pa^r  for  it. 

©bferwitioni  HI.  It  may  in  general  be  obfenrM  of  ThntSy  that  they  are  eitherf^r- 
9tlaHng  totU  r0rialy  Amphibious^  or  Aquatic ;  and  fo  nearly  do  Vegetables  ^ree  wi4 
Sap^i^V^c-  Animals  in  moft  Points,  except  Local  Mo^on  and  its  Confequcnccv 
tablet,  h  Mr.  that  from  the  Knowledge  of  the  one  W€  are  reafonably  led  to  the  KP 
R.Bra^.n.  covfefy  of  the  other. 

349-  P-  486.  Thofe  Plants^  whicK  I  call  Terrejtrkdy  aw  fuch  as  Trees,  Shrubs^  and 
H&bSy  Which  grow  only  oh  the  Land'.  Thefe  like  Land- Animals  have 
Diverfitles  of  Food,  a  Method  of  GeneriitiAg,.  and  certain  Periods  of 
Life.       ' 

Of  the  A^phibioui  Itace^  which  Kte  on  Land  as  well  as  in  theW^ 
ters,  ire'  rfie  WillowSy  RttJBes^  MhUs,  &c;  Thdfe  are  not  unlike  in  mfflf 
'Refpe^  to  the  Otter y  Tdrtoife^  Frog^  Ax. 

Thfe  i^j^^^tf^,,  whether  of  Lakes^  Rivers^  or  the  5^^  are  ^cry  mto^ 
rous :  Thefe, may  be  comparM  with  the  Fifh-kind^  and  will  not  fiveo* 
of  their  proper  Elements.  In  FreJhWaters  are  the  fFater-Ullies^  Pla- 
tiiinsj'&cc.  and  tt;  the  ^«i,Cir/ji>,  Fuii^  &c. 

"Plants  feem  to  poffefi  only  the  riext  Degree  of  Life  below  the  molt 
ftdpidi4iw)»/2/;'brwfarte-Ammal^Life  leiva  b%  ihe  Vfegetablc  life 
feems  to  begin..   ... 

The  Seafons  of  Motion  in  Plants  Art  thefame^with  thofe  of  AmmA 
>krhich  fleep  during  the  Wmter.-  Art  Artificial  Htatwiil  give  Mowft 
•^  either  of  thefe  in  the  cotldtHtimc*- 


The  common  Opinions  rektuig  to  the  6^'s  Motion^  are  as  foliow^t 
f*irft,  the  Sap'  doc^  not  rife  by  ^he  Piibi  bccauie  fome  have  obfcrv'd 
the  Trunks  of  latge  Trees  to  be  without  that  Part*  and  yet  the  fame 
Trees  have  continued  to  put  forth  JFruit  and  Branches  on  their  Tops.  I  . 
have  obferv'd,  that  the  Pilb  is  not  found  in  thofe  Branches  of  a  Tree^ 
which  eicceed  two  or  three  Years  Grd;Wth ;  and  it  i^  certain,  that  the 
Pilb,  which  is  in  a  Branch  of  this  Year,  will  (the  greateil  Part  of  it)  be 
tliilribuced  into  thofe  Boughs»  which  form  them(!:lyesthe  qext  Seafoti; 

It  is  faid  by  fome^  that  the  Tree  does  not  receive  its  Noi^flunent  by 
the  Barky  for  that  Trees  having  loft  that  Part,  will  ftill  continue  their 
Growth.     Others  tell  us,  that  if  the  Bark  be  cut  a^ay  roqnd  thfTrunk  • 
of  a  Tree,  it  will  prefently  die.    Xhefe  iraripus  Opinjpns  fecm.to:l;(avc' 
been  fet  on  Foot  without  extraordinary  Confideration,  upon  the  Bdief,^ 
that  a  Tree  has  but  oac  Bark  ^  whereas,  upon  Es^^ii^atioii^ith  the 
Microfcope,  We  find  four  diftinft  Coverings,  t?^  each,  Br^i|ch^.  withoun, 
the  woody  Parts/  The  two  outermoft  Barks  may  be  takpn  fmgij^rTrec* 
without  any  great  Damage^  hut  the  otl^  cwo^  wU^  lip  nearer  this^ood^ 
being  ftripp'd  off,  will  kill  the  Tree.  :  ,-. 

.  '  Some  affirm,  that  the  Sap  doth  neither  rife  nor  fall  in  the  Wftpdy  Part- 
of  the  Tree,  becaufe  they  have  npt  been  abl§;to, discern  any  Sapttq  iffuc 
out  of  that  Part  when  a  Branch  has  been  cut.  T\i^  JMficrofcc^  pj^ly 
(hews  us  the  Vcffels  in  the  Wood,  through  which^flje  Si^rKtfh  ffom  the 
Root  i  but  as  thefe  Tubes  are  not  large  enough  to^^jiinit  iijtp  thfinj  any: 
Thing  more  grofs  than  Vapour,  fo  they  have  Aof  htti^  cfteciBi'd,' to  be^ 
of  any  great  Ufe,  The  Explanation  of  Figure  47..  will  in  fomiCr  Qifafuri^ 
difcover  the  Office  of  thefe  and  of  fuch  qtho^  faffs  of  a  flant^  as  are 
feveraliy  defign'd  for  thp  GfQWth  of  Vegetables  j.  i?ut:let  us  firft  .^quijui 
a  little  into,  the  Nature  of  thje  Hfiot. 

The  RoqtK^  ^  Tree  is  chiefly  compofed  of  a  Par^^Mu^  nn)/oregfofl( 
than  that  in  the  Stem  or  Boc^y  of  theTreQijt  has  likewife  Yefly^  and 
a  Covcringi  The  Root,  that  is,,  the prin^ip^l  ^ajt  of  it^  repdpr^sifllto 
it  fuch  Juices  of  the  Earth,  as  arc, proper  for  it»  wd  np  o^ffi* .  Sojjjet 
what  like  aWi^k  qf^ottpni  ^iflh  having; J?¥ip#  imprf^^teii  with. Oil, 
Will  only  admit  Oil  intp  it. ,  This'ProVificMji  be^flg^ina^ 
of  the  Plant  (as  I  call  it)  chiefly  in  the  Avitwpft  Mopth^^  tite,Tr4?e^i$ 
prepared  for  Germination,  fo  foon  as  the  gaftli .  is  fufli<;ientl^  w^ip*di 
feithcr  by  the  Sun's  Beams,'  or  an  artificial  Hfiftpj_fup,h  4&  Hflrfodppgj 
Bran  and  Water,  or  other  fuch  like  Ferments,  Thefe  Heats  faife  into 
V^poqrthci  Juices  contained  W  t^ftRgfttj  aqd  by^tf  ^fcae^iciuft  Ve- 
gptatiofl.        *'    *  .  ,  .     /       ..;-'..,.' 

J^k^  47^  is  part  of  thep'ifafich  qf^n'^jftpZ^Sfr^lflft^  ^     Fig.  47- 

cut  ia^^^rf/jjfv^  ft  was-^utinfig^ffi  ft^.a.l^f^Cjjyrtdec,.  tbe.  lengtfr 
fomewhat  more  than  the,piSP9P}^r».:.^hifi}i.\f^  M8>Ml%  4^  Qmtt''?  ^^  ^ 
Inch*  This  being  magnified  with  one  of  Campani's  Microicopes,  dif- 
j|vers  the  following  Parts,  v/2?. 


J04.  Of  the  Motion  of  the  Sap,  ^c. 

T>  2f  3»  4»  5»  ^»  7»  Arc  Capillary  Vcffcls,  which  run  longitudinal- 
ly through  the  Branchy  in  the  ligneous  part,  which  was  made  in  the 
Year  1715.  Through  thefc  Tubes,  the  Steam  rifcth  from  the  Root, 
the  Strength  of  which  is  well  cxplain'd  by  the  Engine  for  raifing  Water 
by  Fire,  invented  by  the  late  Captain  Savery. 

From  A  to  B,  wc  may  view  Veffels  gf  the  fame  fort,  made  at  the 
fame  Time. 

8,  9,  Arc  Veffels  of  the  fame  Ufe  witli  the  former,  now  forming 
themfelves  for  the  Ufe  of  the  Year  1 716. 

By  this  Means  the  Diameter  of  the  Branch  is  increased,  and  additional 
Nouriihment  fuSer*d  to  pafs  into  thofe  Buds,  which  are  to  make  new 
Branches.  Thefc  are  made  out  of  the  fourth  or  innermoft:  Bark,  mark'd 
C,  C. 

The  Mouths  of  the  Capillary  Tubes  of  the  Years  1715,  and  171^, 
are  D,  E.  The  Vapour'  which  rifeth  from  the  Root,  is  continued  in 
thefc  Vcfffels,  to  the  Extremitiesof  the  Branches,  where  it  meets  with 
Parte  (not  here  defcrib*d)  like  to  Glands  \  which  Glands^  if  wc  may  fo 
call  them,  arc  likcwifc  found  at  every  Knot  or  Joint.  At  thefe  Places, 
the  Vapour  coming  ncaf  the  Air»  is  condenfcd»  and  returns  between  die 
Barks,  by  means  of  its  own  Weight,  down  F,  G,  H,  leaving  in  each 
Bark  marked  I,  K,  L,  fuch  Juices  as  each  of  them  naturally  is  incTm'd 
to  fcparate  from  \t\  till  at  laft,  the  more  oily  part  paffing  to  the  Root, 
may  lengthen  the  Fihrts  thereof,  as  Icicles  arc  lengthen^ ;  and  by  its 
oleous  Particles,  preferve  them  from  rotting  by  the  Wet.  The  pans 
which  ctompofc  the  fcveral  Barks,  are  Parench/maus  or  Spungy. 

The  firft  tnarkM  M,  is  of  a  clofcr  Texture  than  the  fccond  N,  and 
the  fccond  clofer  than  the  third  O,  and  fo  on  till  thefe  parenchymous 
parts  arc  interwoven  with .  the  longitudinal  Wood- Veffels,  where  they 
arc  fomcwhac  conftrain'd^  till  they  come  to  make  the  Pith,  markM  P. 
Then  they  arc  much  larger  than  in  any  other  part  of  the  Tree-,  and  by 
wtiat  I  have  obferv'd,  fecm  to  contain  a  more  finifh'd  Juice  than  tk 
reft,  and  inay  well  enough  be  ftilcd  the  MeJuUa. 

Wc  may  note,  that  when  the  fourth  or  innermoft  Bark  C^  has  once 
compleated  its  Sap-Vcffcls,  and  is  firmly  join'd  to  the  wooden  part,  dien 
the  third  Barl^  O,  takes  its  place  for  the  fucceeding  Year ;  and  fo  die 
reft,  except  that  the  firft,  marked  M,  fplits  and  divides  itfdf,  to  fup- 
ply  the  place  of  the  fccond. 

The  folkfwing  Enqiury  I  recommend  to  the  Curious,  viz.  If  the  It* 
veral  Barks,  having  different  Texture  of  parts^  admit  into  each  fepiraie 
and  different  Juices  from  the  reft;  whether  thofe  Juices  may  not  be  of 
very  different  Virtues  1  the  firft  mose  4M^^  than  the  others,  the  ie- 
cond  perhaps  Enktkk^  and  the  third  Cetbarluk. 

IV.  Ik 
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IV.  The  nirt.sbxl  curious  Texture  of  the  Floxver  in  Plants,  and  its  ^^V^ ^^ 
Furniture,  has  eWpWd  the  Enquiries^  of  many  Learned  Men.  But  fince  J^7p^"tf«i 
theft  Seaichers  jrtTO  tne'Hiftory  and  Operations  of  Nature,  Teem,  not  fo  ufc  0/  tbi 
fucccfsfully  to  have  rcachM  her  Defign  in  this  Cafe,  a$  in  many  others,  Flower /;i 
1  Ihall  attempt, to  account  for  the  Fabric  and  Ufc  of  thefe  Parts,  and  to  Wants,  by  M/t 
make  the  Propagation  of  Vegetables  more  intelligible,  whereby,  die  ^"  Mprcland. 
Ways  of  Nature  will  appear  more  harmonious,  and  of  a  piece."  J  ^^S^^ 

It  has  been  long  ago  obferv*d,  that  there  is  in  every  particular  Seed  a 
SeminalPlant,  conveniently  lodged  between  the  two  Lobes,  which  con-  * 
ftitute  the  Bulk  of  the  Seed,  and  are  defign'd  for  the  firft  Nourilhment 
of  this  tender  Plant. 

'  Dr.  Grew  is  the  only  Author  I  can  find,  who  has  obfcrv'd  that  the 
Farina  (or  fine  Powder  which  is  at  its  proper  Seafon  Ihed  out  6f  thofe 
Tbecif  or  Apices ;  SeminiformeSy  which  grow  at  the  Top  of  tJtv^^tamna)  ' 
doth  fomc  Way  perform  the  Office  of  Male  Sperm,  cut  hcfeirt'  I  think 
he  fells  fhorti  in  th^c  he  fuppofes  them  only  to  drop  upon , the  outT^dc 
of  the  Uferus  or  Vafculum  Seminaley  and  to  impregnate  the  included  Seed 
by  fome  f^irituous  Emanations  or  energetical  Imprefs.  -  - 

That  which  is*  now  fubjefted  to  Enquiry,  is,  whether  it  be  not  niore 
proper  to  fuppofe,  that  the  Seeds  which  come  up  in  their  proper  Itft/o- 
lucra^  are  at  fitft  like  unimpregnated  Ova  of  Animals  i  thatthrs*-jR?n- 
na  is  a  Congeries  of  Seminal  Plants,  one  of  which  muft  be  conveyed  into 
every  Ovum  before  it  can  become  prolifick ;  that  the  Stylus  in  Mr.  Ra/% 
Language,  the  upper  part,  of  the  Pifiillum  in  Mr.  *Toumefort%  is  a 
Tube  defign'd  to  convey  thefe  Seminal  Plants  into  their  Neft  in  the 
Ova\  that  there  is  fo  vaft  a  ProviTion  made,  becaufe  of  the  Odds  there 
are,  whether  one  of  fo  many  fhall  ever -find  its  Way  into»  and  through 
fo  narrow  a  Conveyance, 

To  make  this  Suppofition  the  moire  credible-,  I  fliall  lay  down  the 
Obfervations  I  have  made  upon  the  Situation  bf  thefe  Stamina  and  the 

Stylus  in  fomc  few' Species  of  Plants.  '  v        .     '    "'^     

Firft,  in  the  Corcma  Imperialism  where  the  Uterus  oi , Vafculum  jminale 
of  the  Plant  ftands  upon  the  Center  of  the  Flower,  and  from  thr'Top 
of  this  arifeththe  Stylus^  the  Vafculum  fenUnali  WicJ  %&j  together  re- 
prefenting  a  Pifiillum.  Round  this  are  planted  fix  Stamina^  upon  the 
Ends  of  each  of  thefe  aw  Apices^  fo  artfully  fixt,  that  they  turn  every 
Way  with  the  Itaft  Wind,  being  in  Height  almoft  exaftly  equal  to  the 
Stylus  about  which  they  play,  and  which  in  this  Plant  is  manifeftly 
open  at  the  Top,  as  it  is  hollow  all  the  Way.  To  which  we  knuft  add, 
that  upon  the  Top  of  the  Stylus  there  is  a  fort  of  tuftf  confifting  of 
pinguid  Villi^  which  I  imagine  to  be  plac'd  there,  to  catdi  arid  detain 
the  Farina^  as  it  flies  out  of  its  Tbeca.  Fropi  hence  I  fuppofe  the  Rain 
cither  walhcs  it,  or  the  Wind  (hakes  it  down  the  Tube,  till  it  reach  the 
Vafculum  fetninale. 

,  In  Capri'foliumyOr  Htmey-fuckle^  there  rifes  a  Stylus  from  the  rudiments  of 
9  Berry,  into  which  it  is  infertcd  to  the  Top  of  the  M^ff^efalous'flo^tr^ 
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frocn  the  Middle  of  whidi  Flower,  are  Ibit  foidilerenl4 

fhcd  their  Farina  out  of  the  Caies  upoo  the  Orifice  of  the  Stjlmx^  wiad 

in  this  Plane  is  villous  or  tufted,  upon  the  fame  Account  as  the  faEzxi; 

In  Allium  or  common  Garlicky  that  arifes  a  Iricouoms  Uurms^  or  Scsd- 
Ve0el,  in  the  Center  of  which  is  inlertcd  a  Ihort  StjUi^  oat  rzxisogh 
hig^  a^  the  Jpices^  which  thus  orcr-topping  it,  hare  Az  Opponxrrqr  d 
fliedding  tl^cir  Globules  into  its  Orifice  more  eafily.  For  which  Rc^ 
I  can  dxicern  no  Tuft  upon  this  (as  in  the  former)  to  cnfixre  their  Ea- 
trance*  that  being  provided  for  by  its  Situation  juH  under  than. 

I  (hall  now  make  fuch  Reafbnings  or  Refledions  as  the&rcgoii^  Ac* 
count  dotK  fuggcft,  and  will  fupport. 

NoUiing-cao  be  more  natural  than  to  conclude,  diat  whereafise 
Powdtr  i^  curioufly  prepared,  carcfiiUy  irepofitcd,  and  ihcd  abroad  at  a 
peculiar.  Seafon,  where  there  is  a  Tube  fo  planted,  as  to  be  fit  to  recdwe 
it^  004  iuch  Care  in  difpofing  this  Tube^  that  wheirc  it^dodi  not  lie  £• 
re4ly  vender  the  Cafes  th^C  fhed  the  Powder,  it  hath  a  particular  J^fit- 
ratus  it  the^d  to  esfure  its  Entrance :  Nodiing  can  be  more  genuinely 
deduced  from  any  Premifes,  than  froni  this  it  may,  chat  this  PawJkroi 
fome  of  it  was  defigned  to  enter  this  Tube.  If  theie  Stamina  had  been 
only  excretory  Duas,  as  has  been  hitheno  fuppoied^  to  fcpar^oce  die 
grofler  Parts,  and  leave  the  Juice  defigned  for  the  Nourifliaieat  of  tbe 
S<^  xnozk  referved,  what  need  was  there  to  lodg^e  thefe  Excrements  in 
fuch  curious  Repofitories  ?  They  would  Tiavc  bceiijconVcyed  any  where, 
rather  than  where  there  was  fo  much  Danger,  of  their  dropping  into  the 
&^i^£/^/ again,  as  tjiey  are  here./ 

.  Again,  the  Tube  over  the  Moufh  of  which  tTiey  are  flied,  axuiiatft 
which-.thcy  enter,  leads  always  direftly  into  th&.  ^c^dVeJJeL 

To  which  we  muft  add,  that  the  Tube  always  begins  to  die,  wliai 
thefe  ^i»<fi^aoe  empty M  of  their  Contents,;  ittHey  laftany  longer)  it 
is  only  whilft  the  Globules  which  enter  at  their  Orifice,  may  be  fuppdcd 
to  have  finifhed  their  PaiTage.  Npw;  can  we  well  expeA  a  more  cod* 
vincing\  Proof  of  thefe  Tubes  being  defigned  to  conxf^.thefc  Ghbuks^ 
t|ian  that,  they  witl^r  .when  thece  afe  not  more  GlpbuUs  to  convey  ?  ,  , 
*  It  r  could  {Kow'tl>at  theOytf,  or  unimpregnated  Sqed^  are  ever  to  be 
obifryed  without  this  Seminal  Plants  th^  Proof  would  arife  to  alDemon- 
ftraticyii  but  having  not  been  fo  happy  as  to  difcerji  this,  I  rccom* 
mend  .the  Enquiry  to  diofe  who  afc  l|4afters  of  the  beft  Microfcopcs. 
Tlwtig]|w*  In  ^  mf an  Time,  I  havcixjade  fome  Steps,  towards  a  Proof 
of  ;thia  Sort^,  and.  have  met  with  fome  fuch  Hints  as  make  mc  notde* 
fpji^ir  pf  h^ngabl^  to  do  it :  For,  hot  to  infift  uppn  tljis*  that  tlje  w^ 
ww/P/««/ alw^^.lics  in  that  Part  of  the  Sccd^  whK;Ji  is  neareft  to 
tih^  Jnfcrjtiq(i,oC  X^^^^Ihs^,  or  (bme  Propagatioij  of  it  into  the  Seed 
^fM^h..\  P^y^  ailcoyciredin  ^eans^  and  Pe'J/^,  «nd,jPi^tfjii?//Vjuft 
one  End  of  that  we  call  the  Eye^  a  manifeft  Perforation  (difccrnible  bj[ 
the  grolTcr  forf  ^of  Magnifying,  GJa(jrcs>  which  Ics^s  direftly  to  the 
SAmifl^^lFlant^  W..^  ^f^^^  I  fuppofc  the  Senmal Plant  did  enter ;  and 

lam 
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I  am  apt  to  think*  that  the  Beans  or  Peafc  which  do  not  Hhri^Ci  will  be     ' . 
fcuild'deftituiiedf  it,  * 

I  ihall  ndw  ^fciibe  fome  other  Plants,  whereby  it  will  appear,  that 
•there  is  a  particular  Oare  always  exercifed  to  convey  this  Powder  into  a 
'^ubt^  which  may  cor^vey  it  to  the  Ov^.  Now  in  i>^«;»mMii  Plants^  tf 
•we caj^fully  •  take-  off  the  Petdla  of  the  Flower,  we  (hall  difcovdr  the 
Pad  or  Siliqua  clofely  covered  with  an  involving  Membrane,  which 
about  the  Top  feparates  into  msLny  Stamina^  each  fraught  with  itsQuan-^  - 
tity  of  Farina^  and  thefe  Stamina  are  clofe  bound  upon  the-5r<j^,  wiich  •-  o  - 
is  obfervable  at  the  End  of ,  that  fubcy  which  here  alfo  leads  diredly  ta 
^hc  Pod :  It  ftands  not  upright  indeed,  but  fo  bended,  as  to  make  tiear 
a  right  Angle  with  it.  ^ 

In  Rojes  there  ftands  a  Column^  confifting  of  many  ^ubes  clofely  clung 
together,  though  eafiiy  fcparablef,  each  leading  to  their  particular  C5cll^;  *     ^ 

the  Stamina  in  a  great  Number  planted  all  round  about-    lnti$bymalus^ 
or  spurge i  therfc  Hfes  a  Tricoccsks  ^<S^  thit  Whilft  it  is  fmall  ind  not 
Hcafily  difcernible,  lies  at  thi  Bottom  till  impregnated,  but  afcerwardi. . 
grows  up,  and  ftands  fo  high  ujpn  a  tall  Pedicle  of  its  own^.  fc  would    .  ' 

'incline  one  to  think  ^that  tRefe  were  to  be 'no  Communication  be^ixc:       • 
this  and  the  y^A^,  which  he  ^ees  dyin^  below. 

In  StraW'heftiis  ahd  Ra/jhberriesy  the  Hairs  which  grtw  U^dii  the  ripSe- 
OFruit  {which  I-ftippof<^  ifaay^be  Ibrprizing  to  fome)  are  fo  hiany  Tubes 
leading  each  to  their  particular  Seed,  and  therefore  we  nrmy  obferve, 
•that  in  the  firft  opening  of  the  FloWcr,  there  ftands  a  Ring  of  StaMinay 
within  the  Petala^  and  the  whole  toward  Area  appears  like  a  little  Wood, 
xf  thefe  Hairs  or  Pulp,  ^hich  when  they-  have  received  and  convey ^< 
their  Globules^  the  Seeds  fwell  and  rife  in  a  carneous  Pulp. 

•I  have  obferved,  and  can  deduce  the  Colitrlvahce  and  Adminifl:ratibfv> 
of  the  Parts  in  all  the  Plants  I  have  pbferved,  and  I  (foubt  not  but  others; 
Hiay  be  able  to  perfeft  what  I  have  rudely  hinted  ^  and  that  from  this 
Thtory  many  Corollaries  may  be  derived^  Which  will  let  in  Light  Into     - 
many  Parts  of  Natural  Philofophy;  I  (hatf^at  prcfent  only  iu^eft«  that 
hence  one  woiild  conclude,  thai  the  Peiala  of  the  Flower  were   ra- 
ther defigned  to  fever  fuperfloous  Juices,,  from  what  was  left  to  afcetad 
in  the  Siamtna^'^itizn  the  Stamina  \6  perform  this  Office^,  either  fdr 
them,  or  the  iiiiimpregnated  S^wiw  •,  and  obferve  the  AnalSjgf  between* 
yfnimal  and  Pf^Afiil/^  Genemtion),  as  far-as  w^  ncdeflary,.  fhrte^ffi 
&e  an- Agre^meht  between  them.  !     '     '    i 

the  Expticatim  of  th$  B^s.l'Pi^J4S:ie^rdcnt:s  a  yeliHv  ^LUix-    ^    pj*  .g^ 
die  Top  ol^tPiJilhm^or  Tube,  at  which  the  SenUnalPtdiitiymefup- 
^dfed  to  enter,  and'throiigh' which  they  al»ex6fcvey6a  t6  ^^'iliSitiJ)fitf* 
'mtid  Seed  in  the  Seed^^VefeL  .  i  r;  .- .      l'     .v.o..i  . /:.a 

•    b,  byb,  b,  *,  b,  the  JpUy  5«Jrfw>*^i,.  %liich  WhfiiO«ht^i  i^'^- 
open,  and  flied  that  i^^^  which  (Enters  tKe*^«fo'at  i^!,  '  •  '  ' '    '    » '^ 

C,  the^Place of  the  Seed  Veffel  at  the  Botc6fo^.  fef  <Jtelr«fci7<fe  Steel-    •*•.  -  "^ 
Vcflelitlelf  being  concealed  under  the  Lcaf/iii.thl5©rat%^        • 


^o8  ()/  the  Moldineli  $9  a  Melon^  ^c. 

^%-  49^        Bs^  49'  A  the  Siliqua  in  a  Flower  of  the  Pea-kind. 

JE^  the  Ttt^^  which  arifes  from  the  Siliqua^  and  conveys  thfs  Plants  to  iL 
F,  the  Mmbran9us  Coat  that  involves  the  Siliqua  laid  <^n. 
i^gtifgti^gf  t^^^pices^  which,  before  the  Membranjcnis  Tegiunent 
is  laid  open^  appear  to  rife  from  its  Edges,  and  by  the  Petala  of  the 
:  Flowery  are  kept  clofe  upon  the  Orifict  of  the  Tuke^  that  they  may  con^ 
.venicndy  (bed  their  Farina  into  it. 
Fig.  50.    .    Fig.  50.  A  Frencb'Bean  reprefented  fidwife. 
Pig.  51.         Fig.  51.  The  fame  opened. 
.     i,  The  Seminal  Plant. 

I,  A  Perforation,  at  which,  'tis  fuppofed,  the  Seminal  Plant  fiift 
entered. 


Of  the  ^hk,    V.  :I  had. lately  a  large  Melon-Fruit,  which  I  fplit  lengthways  thro* 


R.  Bradley,  havc  more  Lcifure. 
n.349.p.49o.  At  the  End  of  four  Day^,  I  found  feveral  Spots  of  Moldincfs  b^an 
to  appear  on  the  flcftiy  Part  of  the  Frui^  fomewhat  Green  towards  the 
Rind  y  and  of  a  paler  Colour  towards  the  Middle  of  the  Fruit.  Thefe 
Spots  grew  larger  every  Hour,  for  the  Space  of  five  Days  i  at  which 
Time  the  whole  Fruit  was  quite  covered. 

Thi$  (urprizing  Vegetation  made  mc  curious  to  examine  if  there  was 
any  Difference  between  thofe  Parts  which  were  Green  and  the  others, 
bcfides  their  Colour.  The  firft  being  feen  with  the  Microfcope,  ap- 
Fig.  52.  pearM  to  be  a  Fungus^  whofe  Cap  was  filled  with  little  Seeds,  to  the 
Number  of  about  five  Hundred  *,  which  fhed  themfelves  in  two  Minutes 
after  they  had  been  in  the  Glafles. 

The  other  Sort  had  many  Grafs-like  Leaves,  among  which  appeared 

^'S-  53-     fpme  Stalks  with  Fruit  on  their  Top,  each  Plant  might  well  enough  be 

compared  to  a  fort  of  BuU-Ru/h.    They  had  their  Seed  in  great  Quan- 

'    tidies,  which  I  believe  were  not  longer  than  three  Hours  before  they 

began  to  vegetate  y  and  it  was  about  fix  Hours  mo;^>  before  the  Plants 

were  wholly  perfeftcd:  For,  abqut  feyenpjf  the  Clock  one  Morning,  I 

found  three  Plants  at  fome  Diftance  from  any  others ;  and  about  tour 

t\ff,  fame  Day,  I  could  difcern  above  five  Hundred  more  growing  in  a 

Clufter  with  them,  which  I  fuppded  were  Seedling  Plants  of  that  Day. 

.The  Seed  of  all  thefe  were  then  ripe  and  falling. 

^  *        .  When  the  whole  Fruit  had  been  thus  covered  with  Mold  for  fix  Days, 

this  vegeuble  Quality  began  to  abate,  and  was  entirely  goae  in  two 

Days  more.    Then  was  the  Fruit  putrified,  and  its  fielhy  Parts  now 

.  ^        yielded  no  more  than  a  Sinking  Water,  which  began  to  have  a  go^tk 

Motion  on  its  Surface,,  that  continued  for  two  Days  without  any  other 

Vl%.  54«    JVppeamnce.    I  found  then  feveral  fmall  Maggots  to  move  in  it,  which 

grew  for  t^e  Space  of  fix  Days  %  after  which  they  laid  themfelves  up 
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IDiiieir  Bagn.  Tbus  they  remain'd  for  two  Days  more  without  Mo- 
tion, smd  thioi  came  forth  in  the  Shape  of  Elies;  The  Water  at  that 
Time  was  all  gone,,  and  there  renuined  no  morb  of  the  Fruit  thim  the 
Seeds,  the  Veffeh  which  compofed  the  Tunics  of  the  Ovaries,  the 
outward  Rind,  and  the  Excrement  of  the  Maggots  %  all  which  toge-  Pig-  55- 
ther  weighed,  about  an  Ounce.  So  that  there  was  loft  of  the  firft  Weight 
of  the  Fruit  when  it  was  cut,  about  twenty  Ounces. 
/  We  may  judge  from  this,  and  other  Cafes  of  the  like  Nature,  how 
much  vegetable  Life  is  dependent  on  Fermentation,  and  animal  Life  on 
Putrefaftion. 

.    VL  To  prepare  Land  for  Canary  ^eedy  let  it  be  broke  up  fomc  Time  Of  the  Huf- 
in  Aprily  and  |>k)i:^ed  again*  ^opt  Midfammer^  and  ploughed  again  bandry  e^Ca- 
m  Aug^^.  that  by  frequent  Tillage  the  Weeds  may  be  burnt  up,  and  55r!^E^xenM 
deilroyed.    Plough  the  laft  Timeabout  the  latter  End  of  February^  or  foh'n.  337. 
the  Beginning  of  Marcb^  if  the  Seafoa  proves,  dry  ;  if  not,  you  had  p.  91. 
fce&'wait  for  a  dry  Seafon;  for  in  Ibch  a^Seafon  only  will  the  Ground 
b<i  fit  to  ■  receive  the  Seed. .  With  a  Hoe,  (diat  has  a  Bit  about  the 
Bignels  of  an  Onion-Hoe)  you  muft  from  Time  to  Time  carefully 
cut  up  the  Weeds.     If  they  are  not  kept  eniirely  under,  niuch  of  the 
Skcd  will  be  loft,for  Want  of  ^ripening.     In  viery  good  Land  half  a 
Bulhel  of  Seed  will  be  en^gh  to  fow  an  Acre.   It  will  thrive  heft  upon 
Aibff  Clay :  It  wilLgrow  upon  any  fort  of  Lotoy  Land,  that  is  rich 
enough  tobear* Homp.     If  yoti  appsehend  that  the  Land  is  not  fuiH-' 
pcotty  ftrong,  :y.ou  will  'do  well  .to  allow  front  half  a  Bufliel  to  fcvcn 
pallons  of  Seed  to  fow  an  Acre  with. 

The  Seed  is  ripe  fooner  or  later,  according  as  the  Spring  affords  you 
an  early  or  late  Seafon  of  fowing  it;.  In  fome  Summers  'tis  cut  in  An- 
lSitfiy\Mi  the  mi3ft:ufual  Time  is  after  Wheat*Harveft.  When  it  is  cut 
it  muft  in  moft  Years  lie  five  or  fix  Days  in  fwarth,  and  then  be  turn'd, 
and  lie  till  one  Side  is  dryed  and  rotted  as  much  as  the  other,  which 
may  be  about  four  or  five  Days  longer.  The  certain  Number  of  Days 
cannot  be  fixed,  becaufe  they  muft  be  more  or  lefs,  according  as  the 
Weather  proves  fair  or  rainy.  1 

The  Reafon  of  its  lying  fo  long  in  fwarth  is,  that  the  lower  Heads 
of  the  Seed  (being  escpofed  to  the  Air,  Wind  and  Sun)  may  the  better 
perfect  their  Ripenels,  and  the  Grafs  and  Weeds  that  fprung  up  with 
the  Stalks  be  thoroughly  withered,  and  the  Ears  or  Heads  well  and 
fufiiciently  rotted^  and  that  the  Seed  upon  tbreihing  may  come  out 
dean. 

r .  Irhe  Produce  upon  Land  that  is  very  good,  is  about  fix  Quarters 
/erAcre. 

If  the  Land  be  but  indifferent,  or  if  the  Weeds  be  not  kept  under, 
ftben  from  four  to  five  Quarters  upon  an  Acre,  is  as  much  as  you  can 
cxpeft. 
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The  Price  of  Seed  is,  from  two  Founds  to  fix  Pomds  ftr  Quarter ; 

but  the  moft  ufual  Price  is  from  forty  Shillings  to  three  Pounds. 

It  is  difficult  to  threflik     So  much  of  the  Seed.  as,,  after  chrcfhiog,  is 

beaten  out  (as  foon  as  'tis  fanned)  is  to  be  run  through  a  Wire-bicvc 

.   (fuch  as  is  ufed  to  feparace  Cockle  from  Com)  and  the  Hufks  of  evoy 

fifting,  that  will  not  pafs  through  the  Sieve,  are  to  be  thrown  by  in 

a  Heap  to  be  threfhed  over  again* 

The  ordinary  Price  for  thrcfhing  is  Five  Shillings,  but  in  fome  Years 
the  Threfher  has  Six  SiUings  per  Quarter. 

Experiments  VII.  Some  have  made  Experiments  of  the  Meliorating,  FertiK- 
t  Af ^^Ah°"'  ^^"S*  ^^  Multiplying  of  Grain,  by  fteeping  them  in  divers  li- 
Jc  la  Prymc  ^"O'"^-  ^^sh  fomcwhcTc  mentions,  a  Plant  of  Barley  all  rifing  from 
It.  281.  p.  one  Corn,  that  by  Steeping  and  Watering  with  Salt  Pctrc  difibived  in 
Water,  brought  forth  249  Stalks,  and  above  1 8000  Grsuns.  And  the 
laft  Edition  of  Cambden  mentions  a  Thing  very  obfervable,  that  the 
Corn  fown  in  a  Field  in  Cornwall^  after  a  great  Battle  in  the  Civil  War 
Time,  brought  forth. four  or  five  Ears  on  every  Stalk.  1  have  try'd 
fome  fuch  like  Experiments  on  feveral  Grains,  and  though  the  Encrcaie 
was  not  fuch  as  I  expefted,  I  communicate  them  .to  you. 

On  the  22d  of  Marvb^  1699^  ^  ^^^^  ^^  ^^P  ^  ^^  ^  Barlcy-Com, 
and  a  Wheat-Corn  in  Brimftone- Water. 

A  Pea,  a  Wheat,  a.Qarley,  and  an  Oat-Corn,  in  Allum-^ Water,  and 
the  fame  in  an  old  DiiTolution  of  Salt  of  Tartar,  in  the  Caput  Martuum 
of  Sal  Jrmoniac  diffolved ,  in  Urine,  in  a  DiiTolution  of  the  Salt  of  Walls, 
in  a  DiiTolution  of  Salt-Petre,  in  a  DiiTolution  q£  No/hi  or  Star*Geliy». 
and  in  Urine. 

I  ileeped  them  thus  five  Days  and  five  NightSy  and  fct  them  in  a. 
Garden  in  a  good  Soil,  againil  a  North  Wall  full  in  the  Son,  on  the 
2ytb  of  the  fame  Month  after  a  rainy  Night,  with  a  Pea,,  a  Wheat,  a 
Barley,  and  an  Oat  Corn  unfleep*d* 

Upon  the  loib  of  Jprii  following^  I  ficmtid  that  fome  were  juft  come 
up,  fome  not. 

The  Pea,  the  Barley,  and  the  Wheat  lteq)ed  in  Brimftorie* Water 
came  all  up  together. 

The  Pea  fteepcd  in  AUum- Water  was  very  big.  and  fwellcd,  but  not 
fo  much  as  fprouted,  but  the  Badey,  Wheat,,  and  Oac  above  Ground. 

The  Pea  fteeped  in  the  old  Solution  of  Salt  o(  Tarour,.  was  half  come 
up,  the  Wheat  icarce  fprouted^  but  the  Barley  and  Oat  quite  up. 

The  Pea^  the  Wheat,  the  Barley,,  and  the  Oat  ileepM  in  the  Capia 
Mortuum  of  Sal  Armomae  diiTolv^d  in  Urine  wece  all  up  together ;  as 
were  alfo  the  next  Row>  that  were  fteep'd  in  the  Solution  of  Salt  of 
Walls. 

The  Pea  and  Wheat  itcepM  in  the  Diifolution  of  SaltrPctre  woe 
about  half  up,  but  the  Barley  and  Oat  quite  up. 
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Thofe  %IncH  were  Aeep'4  m  Npjhe^  were  none  of  .iha»  come  upi  nor 
fcarce  fproatecL    .      .  <*    ,       ; 

The  Barky  and  Oat  ftaep'd  in  Urine^  were  coiae  up>  but  the  Pea  and 
Wheat  fcaroe  fpiQuted. 

i  ■  And^  to  my  Supprizey  the  Pe8»  Wheats  fiarley^  and  Oat^  that  were 
tot  at  all  fteep'dv  wese  all  pf  them  aft  ioon  yp  a&  any  of  the  former^ 
except,  only  <|he  Wheats  which  was  about  half  up» 

I  fet  them  all  about  a  JRiag^r  deep  in  (be  Gmund,  a^d  there  was  all 
the  Tinie  of  their  Growth  very  fine  Weather. 

Frpm  all  which  I  fuppoie^  that  AUum* Water  li  againil.the  Nature 
of  Peas^  and  ret^s  their  Growth^  but  agreeiMeU  eaough  wi^h  Wheac, 
Barley,  and  Oats, 

That  the  Solution  of  Salt  of  Tartar  is  not  friendly  $o  the  Nature  ei- 
ther of  Peas  or  Wheat,  but  agreeable  to  the  Nature  of  Oats  and  5arley. 

That  the  Water  of  Salt-Petre  had  not  any  of  the  great  Power  or 
Virtue  that  I  fufpcftcd,  6f^. 

And  that  thefe  Steepings  did  not  further  any  of  the  faid  Grains  in 
their  Growth  and  Coming,  but  plainly  retarded  fome  or  moft  of  them. 

Then  I  digged  all  of  them  up,  but  three  Spires  of  Barley,  which  I  let 
(land  about  a  Foot  and  a  half,  or  two  Feet,  from  one  another ;  which 
grew  and  increafed  fo  exceedingly,  that  they  had  fixty,  fixty-^ve,  and 
fixty-feven  Stalks  a-piece,  from  their  fingle  Grain  and  Root,  with  every 
one  an  Ear  on,  and  about  forty  or  fomewhat  more  Corns  a-piece  in 
them  ;  which  Increafe  proceeded  not  (o  much  perhaps  £conf>:  tlje  Graili 
having  been  fteepM  in  any  Liquors,  as  from  the  Fertlltfy  and  Qpodnefs 
of  the  Soil,  and  their  competent  Diflance.  one  from  anpthef.*  I  obfcr* 
Ved  that  new. Shoots  con(2inually  ftruck  up  from  thciRqot  ^^^nd  that  a$ 
in  the  Eaft  and  fVefi-IndUs^  there  are  Trees  that  always  bwr  Blofibipg 
and  Flowers,  green  and  ripe  Fruit  at  the  fame  Time,  fp  th*t  here,  if 
the  invigorating  Heat  of  the  .Sun  had  not  been  cooled  /and  weakenM  by 
the  Approach  of  the  Wintcr-Seafon,  there  would  have  been,  continually 
hew,  ripe  Com,  and  empty  £an«  on  the  fame  Root. 

VIII.  At  SiUUnhCMfidd  m  Warwickjbirt^  a  peaty  Ground  near  a  Pool  0/  the  Great 
(of  which  it  was  formerly  a  Part)  was  fown  with  T^urnip^&eed  oa  the.  2je^«»^^*^^  Ve- 
Day  of  July  1702.     In  lefs  than  threeJDays  Time  the  Turnips  wei:e  ^^^Xm^ 
feen  above  Ground.    At  three  Weeks  End  the  Roots  were  in  Bigptf?  mnicatid  ^ 
equal  to  Walnuts.     Within  lefs  than  five  Weeks  after  the  Sowing,  the  Dr.]. T. Dc 
Gardener  drew  great  Quantities  of  Turnips  to  fel^l^  they  then  being  as  big  f^&^^r^-  ».  ^ 
as  lai^  Apples.  Ac  the  End  of  fix  Weeks,  viz>.  on  the  izfk  Day  of  Ju-  ^     R"974. 
gufty  a  large.  Turnip  was  plucked  up  (though  probably  ppt  fo  big  as 
feveral  others  ihei\  growhigupon  die  fame  Ground)  which^  tqgecher 
with  its  Top  and  long  defcending  Part  of  the  Root,  weighed  above 
two  Pciuods  and  fourteen  Ounces.     At  the.fame  Time  alfq  was  we^* 
ed  an  Ounce,  of  theilame  Sort  qf  Turnip-Seed,  thju:  the  Gardener  had 
fown  his  Ground  with /and  afterwards  a  thoufand  of  the  Grains  were 
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counted  finglf  out  of  the  Ounce  fo  weighed  \  and  the  itft  of  the  Oance 
was  divided  into  Heaps^  as  near  as  could  be  guefled^  equal  to  tbe  looo 
Seeds  firft  fevtfedsiiid  laid  together :  And  it  was  found,  that  the  whole 
Ounce  contuned  above  14600  (ingle  Grains;  ^diich  number  multiplied 
by  46  {yi%.  the  Number  of  Ounces  that  the  Turnip  weighed)  produced 
671600^  "0%%.  the  Number  of  (ingle  Grains  of  Seed  i^equired  to  equal 
the  Weight  of  the  Turnip.  From  whence  may  be  gatheredi  that  (upon 
SappoHtion  that  the  Increafe  of  the  Turnip  iras  ail,  along  uniform  and 
equal,  from  the  Time  it  was  fown,  till  it  was  piuck'd  up)  the  GErain  of 
Seed  which  it  fprung  from,  weighing  when  it  was  ibwn  but  1^  of 
an  OuncC)  was  increasM  in  Weight  ^cooidu^  to  the  following  Pcopor^ 
tions,  ^V»s. 


In  fix  Weeks  Time 671600  "^ 

fWeek  — ^119^3  \ 

I  Day 15990  i 

r.vcry<Hour  ■  666  J 

I  Minute  of  I 

I  anl^ouri  ^^ 


^Timcs  its  ownWcight* 


Some  Days  after  another  Ounce  of  the  &me  Sort  of  Seed  was  cx^S&j 
weighed,  and  the  Grains  were  found  to  be  in  Number  14673. 

Another  Turnip  of  the  fame  Cfop  was  pluckM  up  on  the  2  ijl  of 
t)tteher^  and  was  found  to  weigh  above  10  Pounds  and  a  h^f,  which 
unufual  and  wonderful  Bulk  it  acquirM  (It  being  fiippofed  as  above  dut 
the  Growth  was  all  alike)  by  increafing  the  Weight  of  the  Seed  it  was 
raifed  from^  15  Times  in  every  Minute  of  aa  Hour^  from  the  (owing 
to  the  drawing  of  it. 

The  Gardener  xiegle6led  to  thin  his  Tumq»  ia  due  Time^  ellb  proha* 
bly  their  Growth  had  been  more  confiderable. 

At  another  Time,  in  two  other  Sorts  of  Turnip-Seed^  it  was  found 
by  counting,  that  an  Ounce  of  one  Soct  contained  14702  Grains.;  and 
an  Ounce  of  the  other  Sort  no  fewer  than  14905  Grains* 

It  is  credibly  reported,  that  of  late  Years  Turnips  have  been  pretty 
frequently  found  growing  in  feveral  Counties  of  this  Kingdom,  that 
have  weighed  above  twice  as  much;  one  of  which  was  feeaat  Birm^ 
ham  about  the  Year  lyio. 

Kifthe  Culture     IX.   Thcrc  are  two  Sorts  of  T<Dbacco^  both  which,  thef  call  wD«wb4 
^^^f^ij''  ^  Signification  is  a  Smoaking-Leaf ;  for  D»»  is  Smoak,  JCrf  a  Leaf,  the 
si^aSm  n^'  o^  ^"^  ^^  Hingel^Dunhl,  or  Sh^^UDwikck  for  they  make  no  Diftinc- 
^79.  p.  IX 64.  tion  of  H  and  S\  the  other  is  c^led  Dunkd  KapaJay  which  Word  Km- 
fada  fignifies  gelding,  and  is  derived  from  the  Portuguefi  ;   which  To- 
bacco is  very  intoxicating,  and  much  ftronger  than  tl^  former^  it  b  the 
fame  Plant,  the  Difference  is  only  that  Sk^defi  TohKCo  haa  littk  at- 
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tendance,  upon  the  other  a  great  deal  of  Pains  is  taken»  until  it  be  fit 
ior  Ufe  \  and  it  is  done  after  the  following  Manner : 

They  fclear  a  little  piece  of  Ground,  in  which  they  few  the  Seed  of 
Tobacco,  as  the  Gardeners  here  fow  Parfley  and  Colcworts  j  againft  die 
Time  that  this  is  ready  for  tranfplanting^  they  choofe  a  piece  of  Ground, 
which  they  hedge  about  j  when  the  Buffalo's  begin  to  chew  the  Cud, 
they  are  put  within  this  Hedge-Ground,  and  let  ftand  until  they  have 
done,  and  this  they  continue  Day  and  Night,  until  the  Ground  be  fuffi- 
ciently  dunged  \  then  the  Ground  is  tilled  with  a  Spade,  in  Form  of  a 
Pick-ax,  fuch  as  Carpenters  ufe  when  they  fmooth  blanks,  by  hoeing 
the  Ground,  and  turning  the  fame,  and  mixing  the  Dung  among  the 
Earth  ;  when  they  have  made  the  Ground  fmooth,  they  remove  the 
Plants  out  of  the  Bed,  wherein  they  were  fown,  and  fet  them  in  this 
Ground,  about  a  Foot  Diflance  one  from  another,  and  then  they  grow 
up  almoft  like  a  Dock  \  when  the  Stem  has  got  1 5  Leaves,  they  cut  off 
all  the  Tops  of  the  Plants  ;  if  they  defire  not  to  have  the  Tobacco  to  be 
very  ftrong,  they  let  it  grow  until  it  have  18  or  20  •,  if  they  will  have  it 
ftronger,  they  top  it  when  it  has  got  10  or  12  Leaves,  not  counting  the 
3  or  4  lowefl  Leaves,  which  are  nearcft  the  Ground,  bccaule  they  never 
grow  fo  big  and  good,  as  thofe  above  them.  Thus  the  Moifture  of  the 
Ground  being  hinder'd  from  wafting  in  more  Leaves,  Flowers  and  Seed, 
all  the  faid  Moifture  enters  into  the  Leaves  remaining,  fo  that  thefe 
Leaves  will  be  4  or  5  Times  larger,  fuller  of  Fatnefs,  Strength  and  Vir-^ 
tue,  than  the  Tobacco  which  is  not  ordered  after  this  Manner.  Now  the 
Moifture  afcending  from  the  Root,  being  conftrained  within  the  Bounds. 
of  thelc  Leaves,  forces  its  Way  betwixt  the  Stem  and  Leaves  remaining,^ 
and  Jcnds  forth  young  Sprouts,  and  would  grow  forth  in  Branches,  if 
no  Care  were  taken  to  hinder.  Therefore  every  3  or  4  Days  they  go 
through  all  the  Stems,  and  break  pflf  thefe  Buds  whenever  they  fpring 
forth,  and  this  they  continue,  until  thefe  Leaves  be  ripe  (which  takes 
as  much  Time  as  the  ^ngeU  Tobacco  does,  which  gets  Flowers  and  ripe 
Seed,  and  then  begins  to  wither  and  fpoil,  if  no  Ule  be  made  of  it) 
which  is  known  by  the  Thicknefs  and  Firmnefs, 

Then  before  the  Leaf  begins  to  wither,,  and  is  green,  they  cut  down 
the  Stem  together  with  the  Leaves,  and  do  bring  them  into  their  Houfes> 
and  lay  them  in  a  Heap  \  and  thus  the  Leaves  will  begin  to  ferment, 
turn  hot,  and  fweaj,  then  when  the  Leaves  begin  to  fweat,  they  turn  the 
innermoft  outmoft„  that  they  may  eafily  ferment ;  otherwife  the  inner- 
moft  would  ferment  too  much,  fpoil,  and  rot :  Thus  the  longer  they  lie 
in  a  Heap  together,  the  Tobacco  turns  the  more  dark  of  Colour.  When 
they  think  it  has  fweat  enough,  they  hang  it  afunder  upon  Cords^,  till 
the  L^eaves  be  dry,  then  they  feparatc  the  Leaves  from  the  Stalks,  and 
Jay  them  up  in  Bundles  together,  until  they  have  Ufe  for  them. 

Now  the  other  Tobacco,  called  SingiU  Dunkol^  is  only  fown,  and  then 
planted,  and  has  Liberty  to  ^o^i  to  Ihpot  out,  flower,  and  feed  ;  thus 
all  ripen  together :  Then  it  is  cut  d^wft  and  c^  together  in  a  Heap ; 
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fome  'win  ferment  too  much,  and  rot,  odiert  will  ferment  not  at  all,  a! 
will  remain  green,  although  ic  be  dry,  and  will  have  a  fmell  of  (faj  « 
dry  Grafs.  The  Soldiers^  who  delist  to  fmoak  a  big  Pipe  full,  and  tk 
frequently  in  one  Day,  do  fmoak  thi&common  (brt^  ibme  will  mixfiiiBe 
of  the  Kapada  among  it ;  the  Cinguakfes^  who  (inoak  not  ib  modi  < 
once,,  neither  fo  frequently,  do  take  a  piece  of  the  Kapada^  and  idl  k 
together,  then  roll  a  piece  of  dry  Leaf  of  the  i^j//»tjw  Trees  about  di 
and  kindle  it  at  one  End,  and  fuck  at  the  other,  until  it  be  cotAaxL 
Some  do  chew  it  among  Betle,  taking  but  very  iittle  at  once- 

or  a  Tarta-  X.  The  Map  of  'Tartary,  which  wc  made  by  Order  of  the  Empcw 
r^/Zc^Gin-  ^^  (^^ina^  gave  us  an  Opportunity  of  feeing  the  famous  Plant  G'sMJai 
fcng,  ^c' hy^^  Nin-zin^  fo  much  efteem*d  in Cbina^  and  fo  little  known  in  Emfu 
Fafler  Jzr^  Towards  the  End  of  July  1709,  we  arrived  at  a  Village,  not^»f? 
toux,  taien  four  f^aii  Lcagucs  diftant  from  the  Kingdom  of  Carea^  which  is  tchi- 
■?Xf iSrt  ^^^^^  by  thole  Tartars  called  Calca  tatzt.  One  of  dicfe  Tartars  wc: 
9f  the  Miffto-  ^^'^  found  upon  the  neighbouring  Mountains  four  Plants  of  the  & 
wtfrr  Jefuits.  Jtng^  which  he  brought  us  entire  in  a  Balkct.  I  took  one  of  them,  aad 
'^'lll  P-237-  dcfigned  ic,  as  well  as  I  could. 

Tlic  moft  eminent  Phyficians  in  O^bta  have  writ  whole  Volurocs  ly- 
on  the  Virtues  and  Qualities  of  this  Plane,  and  make  it  an  Ingrcd^ 
in  almoft  all  Remedies  which  they  give  to  their  chief  Nobility  ;  foriiij 
of  too  high  a  Price  for  the  common  People.  They  affirm,  th^isa 
fovereign  Remedy  for  all  WeaknefTes  occafion'd  by  exccffivc  Fadgofs 
cither  of  Body  or  Mind  ;  that  it  di/Tolves  pituitous  Hurnours  ;  tbt  ir 
•currs  Weaknefs  of  the  Lungs,  and  the  Pleurify  i  that  it  flops  Vomit- 
ings i  that  it  ftrengthens  the  Stomach,  and  helps  the  Appetite;  tlsati 
•idilperfes  Fumes  or  Vapours ;  that  it  fortifies  the  Breaft^  and  is  a  Re* 
hiedy  for  fhort  and  weak  Breathing  j  thai:  it  ftrengthens  the  Vital  Spf- 
»rits,  and  increafes  Lymph  in  the  Slood  :  Jn  Ihort,  tliat  it  is  good  agani 
Dizzinefs  of  the  Head,  and  Dinlnefs  of  ^ght,  and  that  it  prclos^ 
JLife  in  old  Age.         *  .      ,. 

No  Body  can  imagine  that  the  Chinefe  and  Tartars  Would  fet  fo  hig^ 
•a  Value  upon  this  Root,  if  it  did  not  conftantly  produce  a  good  E3cd. 
Thofe  that  are  in  Health  often  niakfe  life  of  ft  to  render  thcmlclves  rnai 
vigorous  and  ftrong :  And  I  am  peffqaded,  that  it  would  prove  an  cr 
ccUent  Medicine  in  the  Hands  bf  ttij  European  whd  under ftands  Pto- 
macy,  if  he  had  but  a  fufficient  QjjaAtity  bf  *it,'  tor  niake  fuch  Triib  as  | 
are  neceiTary,  to  examine  the*  Nature  ef  it  chymically,  afid  to  apply  it 
in  a  proper  Quantity,  according  tb  thfe  N^turt  of  the  Dileafe  for  whki 
it  may  be  beneficial.  _      !    . . 

•  It  is  certain,  that  it  fubtiliztSj  InJaroafes  the  Motion  of,  and  wan» 
the  Blood  •,  that  it  helps  Digcftidri,  aiid  invigorates  in  a  very  feiifible  toaor 
nen  After  I  had  defigned  the  Root,  I  obfefved  the  State  of  my  Puifc 
and  then  took  half  of  the  Root,'  rlw  as  it  was>  and  unprepared  :  In  « 
Hour  after,  I  found  nly  PUlfe  niuchf uUer  and  quicker  \  I  had  an  App^ 
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<k€y  and  found  xfi^  fdf  much  more  vigorous,  and  could  bear  Labour 
much  better  and  eafier  than  before* 

But  I  did  i»9t.  rely  on  this  Trial  alone,  inuigixung  that  this  Alcera- 
tion  might  proceed  from  the  Reft  that  we  had  that  Day :.  But  four 
Days  after>  finding  my  felf  fo  fatigued  and  weary  that  I  could  fcarce  fit 
en  Horfeback,  a  Mandarin^  who  was  in  Company  with  us,  perceiving 
it,  gave  me  one  of  thefe  Roots :  I  took  half  of  it  immediately,  and  ai^ 
Hour  after  I  was  not  the  lead  fenfible  of  any  Wcarinefs.  I  have  often 
made  Ufe  of  it  futce,  and  always  with  the  fame  Succefs.  I  have  ob- 
Jfervcd,  alfo,  that  the  gre^ n  Leaves,  and  efpecially  the  fibrous  Part  of 
ihem  chewed,  would  pro^uf c  nearly  the  fame  Effeft. 

The  Tartars' oftfin  bring  us  the  Leaves  of  Gin-feng  iniiead  of  tea  \  and 
I  always  find  my  felf  fo  Well  afterwards,  that  I  fhould  readily  prefer 
them  before  the  beft  Tea.  Their  Decodion  is  of  a  grateful  Colour ; 
and  when  one  has  taken  it  twice  or  thrice,  its  Tafte  and  Smell  become 
very  pleafant. 

As  for  the  Root  of  this  Plant,  it  is  neceffary  to  boil  it  a  little  more 
than  Tea,  to  allow  Time  for  extra<fting  its  Virtue  •,  as  is  praftifed  by 
the  Chinefe^  when  they  give  it  to  fick  Perfons,  on  which  Occafion  chey 
Seldom  ufe  more  than  the  fifth  Part  of  an  Ounce  of  the.dryM  Root.  But 
as  for  thofe  that  ^e  in  Health,  and  cake  it  only  for  Prevention,  of  fome 
flight  Indifpofition,  I  would  advife  them  not  to  make  lefs  than  ten 
pofes  of  an  Ounce,  and  not  to  take  of  it  every  Day.  It  is  prepared  in 
this  Manner :  The  Root  is  to  be  cut  into  thin  Slices,  and  put  into  an 
Earthen  Pot  well  glazed,  and  filled  with  about  a  Quarter  of  a  Pint  of 
AVater  Paris  Meafure :  The  Pot  muft  be  well  covered,  and  fet  to  boil 
over  a  gentle  Fire  j  and  when  the  Water  is  cpnfumed  to  the  Quantity 
pf  a  Cupful,  a  little  Sugar  is  to  be  mix'd  with  it,  and  it  is  to  be  drank 
immediately.  After  this,  as  much  more  Walter  is  to  be  put  into  the. 
Pot  upon  the  Remainder,  and  to  be  boiled  as  before^  to  extract  all  the 
Juice  and  what  remains  of  the  fpirituous  Part  of  the  Root.  Thefe  twO; 
Dofes  are  to  be  t^ken,  one  in  the  Morning,  4Uid  the  other  at  Night. 

The  Place3  where  this  Root  grows  are  between  the  thirty-ninth  and 
forty-fcventh  Degree  of  Northern  Latitude,  ^[nd  between  the  tenth  and 
twentieth  Degree  of  Eaftern  Longitude,  reckoning  from  the  Meridian 
pf  Pekin.  There  is  there  a  long  Tra6h  of  Mpuntains,  which  the  tliick 
Foreils,  that  cover  and  encompafs  them,  reader  almoft  unpaJTable*  It 
is  upon  the  Declivities  of  thefe  Mountains  ^nd  in  thefe  thick  Forefts, 
upon  the  Banks  of  Torrents  or  about  the  Roots  of  Trees,  and  amidft 
a  Thoufand  other  different  fores  of  Plants,  that  the  Ginjvtg  is  to  be 
found.  It  is  not  to  be  met  with  in  Plains,.  Vallies,  Marines,  the  Bot-.. 
toms  of  Rivulets,  or  in  Places  too  much  ^pqfed;and  open.  If  the.Fo-- 
reft  take  Fire  and  be  confumed^  this  Plant  does  not  appear  till  two  or 
three  Years  after :  It  alfo  lies  hid  from  the  S^n  as  much^aipofiible  v 
which  fhews  that  Heat  is  an  Enemy  to  it.  All  Vfhich  makeii  me^believe,, 
that  if  it  is  to  be  found  im  any  other  CouAtcy  in  the  World^  it  nay  be 
.:  parti- 
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parttctilarly  in  Canada^  where  the  Foreft  and  Mountains  according  n 
the  relatiou  of  thofe  that  have  lived  there,  very  much  refemble  thi 

The  Places  where  the  Gm-y?»f  grows,  are  on  every  Side  fepanted 
from  the  Provinces  of  ^an-tong  (which  in  our  old  Maps  is  called  lo^ 
turn)  by  a  Barrier  of  wooden  Stakes,  which  incompafles  this  whole'Pnh 
vlnce,  and  about  which  Guards  continually  patroll,  to  hinder  die  (£• 
-itefe  from  going  out  and  looking  after  this  Root.  Yet  how  Ti^Ijor 
Ibevcr  they  are,  their  Greedinefs  after  Gain  incites  the  Cbinefe  to  hnk 
abbut  privately  in  thcfe  Deferts,  fometimes  to  the  Number  of  two  or 
three  Thoufand,  at  the  Hazard  of  lofmg  their  Liberty,  and  all  tk 
Fruit  of  their  Labour,  if  they  are  taken  either  as  they  go  out  of,  tt 
come  iinro,  the  Province. 

The  Emperor  having  a  mind  that  the  Tartars  fhould  have  the  Ad- 
vantage that  is  to  be  made  of  this  Plant,  rather  than  the  Cbinefe^  gifc 
Orders  this  prefent  Year  1709  to  ten  Thoufand  Tartars^  to  go  and  g^ 
ther  all  that  they  could  of  the  Gin-feng^^  upon  Condition  that  each  ftr- 
fon  fliould  give  his  Majefty  two  dunces  of  the  beft,  and  that  the  rrii 
fhould  be  paid  for  according  to  its  Weight  in  fine  Silver;  It  was  com- 
puted, that  by  this  Means  the  Emperor  would  get  this  Year  abost 
twenty  Thouland  Cbinefe  Pounds  by  it,  which  would  not  coft  him  aboft 
one  fourth  Part  of  its  Value.  We  met  by  Chance  with  Ibme  of  thcfe 
Tartars  in  the  midft  of  thofe  frightful  Deferts :  And  their  Mandenit\ 
who  were  not  far  diftant  out  of  our  Way,  came  one  after  another,  and 
offered  us  Oxen  for  our  Subiiftence,  according  to  the  Cominands  thty 
had  received  from  the  Emperor. 

This  Army  of  Herbarifts  obferved  the  following  Order.  After  diq 
had  divided  a  certain  Traft  of  Land  among  their  feveral  Compamcs, 
each  Company,  to  the  Number  of  an  Hundred,  fpreads  iticlf  out  in  a 
ftraight  Line  to  a  certain  fix*d  Place,  every  Ten  of  them  keeping  at  a 
Diftance  from  the  reft.  Then  they  fcarched  carefully  for  the  Plant,  go- 
ing on  leifurely  in  the  fame  Order ;  and  in  this  Manner,  in  a  certaki 
Number  of  Days,  they  run  over  the  whole  Space  of  Ground  appoinied 
them.  When  the  Time  is  expired,  the  MandarinSy  who  arc  encamp'd 
with  their  Tents  in  fuch  Plac6s  as  are  proper  for  the  Subfiftence  of  tteir 
Horfes,  fend  to  view  each  Troop,  to  give  them  frelh  Orders,  and  to 
inform  themfelves  if  their  Number  is  compleat.  If  any  one  of  them  ii 
wanting,  as  it  often  happens,  either  by  wandering  out  of  the  Way,  or 
being  devoured  by  wild  Beafts,  they  look  for  him  a  Day  or  two^  and 
then  return  again  to  their  Labour  as  before. 

The  poor  People  fuffer  a  great  deal  in  this  Expedition.  They  cany 
with  them  neither  Tents  nor  Beds,  every  one  being  fufficiently  loaded 
with  his  Provifion,  which  is  only  Millet  parched  in  an  Oven,  upon 
which  he  tnuft  fubfift  all  the  Time  of  his  Journey ;  fo  that  they  vt 
conftrainM  to  flecp  under  Trees,  having  only  their  Branches  and  Barks^ 
}f  they  can  find  them,  for  their  Covering.  Their  Mandarins  fcDd^ben 
irom  time  to  time  fome  Pieces  of  Beefj  or  fuch  Game  as  they  hx^ 
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to  take,  which  they  eat  very  greedily  and  almoft  raw.  In  this  manner 
thefe  ten  thoufand  Men  paffed  fix  Months  of  the  Year-,  yet  not  with- 
Handing  their  Fatigues,  continued  lufty,  and  feemed  to  be  good  Sol- 
diers. The  "Tartars^  which  were  our  Guard,  did  not  fare  better,  hav- 
ing only  what  remained  of  an  Ox,  that  was  killed  every  Day,  and  had 
firifl:  ferved  fifty  Pcrfons  for  their  Subfiftence. 

yf,  ihows  the  Root  of  the  Plant;  which,  when  wafli^d,  was  white  and  Fig.  56. 
a  little  rugged  and  uneven,  as  the  Roots  of  other  Plants  generally  are. 

-B,  C,  D,  reprefent  the  Length  and  Thicknefs  of  the  Stalk ;  which  is 
fmooth  and  pretty  round,  of  a  deepifli  red  Colour,  except  near  its  Be- 
ginning at  £,  where  it  is  whiter,  by  Reafon  of  its  Nearnefs  to  the 
Ground. 

D,  is  a  fort  of  Knot  or  Joynt,  made  by  the  (hooting  out  of  four 
Branches,  which  all  rife  from  the  fame  Center,  and  divide  from  another 
at  equal  Diftances,  and  at  the  fame  Height  from  the  Ground.  The 
underfide  of  the  Branch  is  green,  mix'd  with  white ;  the  upper  Part  is 
much  like  the  Stalk,  of  a  deep  red,  inclining  to  the  Colour  of  a  Mul- 
berry. Thefe  two  Colours  gradually  decreafe  and  unite  together  on 
the  fides  in  a  natural  Mixture.  Each  Branch  has  five  Leaves.  It  is 
remarkable,  that  thefe  Branches  feparate  from  each  other  at  equal  Di- 
ftances, as  well  in  Rcfpeft  of  themfelves,  as  of  the  Horizon,  and  make 
with  their  Leaves  a  circular  Figure,  nearly  parallel  to  the  Surface  of  the 
Ground. 

Tho*  I  have  finifh'd  the  Defign  but  of  half  of  one  of  the  Leaves  at 
-F,  yet  any  one  may  eafily  conceive  and  perfeft  the  reft  in  the  fame 
Manner.  I  do  not  know  that  ever  I  faw  Leaves,  fo  large  as  thefe,  that 
were  fo  thin  and  fine :  Their  Fibres  are  very  diftinguifhable  -,  and  on 
the  upper  fide  they  have  fome  fmall  whitifh  Hairs.  The  Skin  between 
the  Fibres  rifcs  a  little  in  the  middle  above  the  Level  of  the  Fibres. 
The  Colour  of  the  Leaf  is  a  dark  green  above,  and  a  Ihining  whitifh 
green  underneath.  All  the  Leaves  are  ferrated,  or  very  finely  indented 
on  the  Edges. 

From  A  the  Center  of  the  Branches,  there  rifes  a  fecond  Stalk  D 
£,  which  is  very  ftraight  and  fmooth,  and  whitifh  from  Bottom  to  Top, 
bearing  a  Bunch  of  round  Fruit  of  a  Beautiful  red  Colour.  This  Bunch 
was  compofed  of  twenty-four  Berries,  two  of  which  are  here  drawn, 
marked  9,  9.  The  red  Skin  that  covers  the  Berry,  is  very  thia  and 
fmooth :  It  contains  within  it  a  white  foftifli  Pulp.  As  thefe  Berries 
were  double  (for  they  are  fometimes  found  fingle)  each  of  them  had 
two  rough  Stones,  feparated  from  one  another,  of  the  Size  and  Figure 
of  our  common  Lentils,  excepting  that  the  Stones  have  not  a  thin  Edge 
like  Lentils,  but  are  almofl  every  where  of  an  equal  Thicknefs.  Each  Ber- 
ry was  fupported  by  a  fmooth,  even,  and  very  fine  Sprig,  of  the  Colmn- 
of  thofe  of  our  fmall  red  Cherries.  All  thefe  Sprigs  rofe  from  the  fame 
Center,   and  fpreading  cxaftly  like  the  Rays  of  a  Sphere,  they  make 
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the  Bunch  of  Berries,  that  they  bear,  of  a  circular  Form.  This  Frwt 
is  not  good  to  cat.  The  Stone  is  like  the  Stones  of  other  conunoa 
Fruit ;  it  is  bard,  and  inclofes  a  Kernel  It  is  always  placed  upon  the 
fame  Plan  or  Level  with  the  Sprig  that  bears  the  Berry.  From  whence 
it  is,  that  the  Berry  is  not  round,  but  a  litde  flat  on  each  fide.  If  it  b* 
double,  there  is  a  kind  of  Depreffion  or  hollow  Place  in  the  middle, 
where  the  two  Parts  unite,  it  has  alfo  a  fmall  Beard  at  Top,  diame- 
trically oppofite  to  the  Sprig  on  which  it  hangs.  When  the  Berry  is 
dry»  there  remains  only  a  (hriverd  bkin  that  fticks  clofe  to  the  Stones, 
and  is  then  of  a  dark  red,  or  almoft  black  Colour. 

This  Plant  dies  away,  and  fprings  ;^ain  every  Year.  The  Number 
of  its  Years  may  be  known  by  the  Number  of  Stalks  it  has  (hot  forth, 
of  which  there  alwavs  remains  fome  Mark;  as  may  be  feen  in  die  /7- 
gure  by  the  Letters  ^,  ^,  b^  &c.  From  whence  it  appears,  that  the  Root 
^was  feven  Years  old,  and  that  the  Root  Fig.  57.  was  fifteen. 

As  to  the  Flower,  not  having  feen  it,  I  can  give  no  Defcription  of 
it.  Some  fay  that  it  is  white  and  very  fmall :  Others  have  aflfured  me, 
that  this  Plant  has  none,  and  that  no  Body  ever  faw  it,  I  rather  be- 
lieve that  it  is  fo  fmall,  and  fo  little  remarkable,  that  they  never  took 
notice  of  it:  And  what  confirms  mc  in  this  Opinion,  is,  chat  thoU 
that  look  for  the  Gin-feng^  having  Regard  to,  and  minding  only  the 
Root,  commonly  neglect  and  throw  away  all  the  reft  of  the  Plant,  as 
of  no  Ufc. 

There  are  fome  Plants,  which  befide  the  Bunch  of  Berries  I  have  dc- 
fcribed,  have  alfo  one  or  two  Berries  like  the  former,  plac'd  an  Inch  or 
an  Inch  and  a  half  below  the  Bunch.  And  when  this  happens,  they  fay, 
if  any  one  takes  Notice  of  the  Point  of  the  Compafs  that  thefc  Berries 
direft  to,  he  can't  fail  of  finding  the  Plant  at  fome  Places  diftant  that 
way,  or  thereabouts.  The  Colour  of  the  Berries,  when  the  Plant  has 
any,  diftinguiflies  it  from  all  others,  and  makes  it  remarkable  at  firft 
Sight :  But  it  fometimes  happens  that  it  bears  none,  tho'  the  Root  be 
Fig.  57.  very  old  5  as  that  reprefented  Fig.  57.  had  no  Fruit,  tho'  it  was  in  its 
fifteenth  Year. 

They  having  fowed  the  Seed  in  vain,  without  its  producing  any 
Plant,  might  probably  give  Occafion  to  this  Story,  which  is  current 
among  the  Tartars.  They  fay  that  a  Bird  eats  it  as  foon  as  it  is  in  the 
Earth,  and  not  being  able  to  digeft  it,  it  is  putrified  in  its  Stomachy 
and  afterwards  fprings  up  in  the  Place,  where  it  is  left  by  the  Bird  wiA 
its  Dung.  I  rather  believe  that  the  Stone  remains  a  long  Time  in  rbe 
Ground,  before  it  fhoots  out  any  Root*  And  this  Opinion  of  mine 
feems  the  more  probable,  becaufe  there  are  found  fome  Roots,  which 
are  not  longer,  and  not  fo  big  as  ones  little  Finger,  tho*  they  have  ihot 
forth  fucceflively,  at  leaft  ten  Stalks  in  as  many  different  Years, 

Tho*  the  Plant  I  have  here  defcribed  had  four  Branches,  yet  there 
are  fome  that  have  but  two,  others  but  three,  and  fome  that  have  five  or 
fcven  \  which  laft  are  the  moft  beautiful :  Yet  every  Branch  has  always 
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five  Leaves,  as  well  as  this  here  figured,  unlefs  the  Number  has  been 
diminifli*d  by  any  Accident.  The  Height  of  the  Plants  is  proportion- 
able to  their  Bignefs  and  the  Number  of  their  Branches.  Thofe  that 
bear  no  Fruit,  are  commonly  fmall  and  very  low. 

The  Root,  the  larger  and  more  uniform  it  is,  and  the  fewer  fmall 
Strings  or  Fibres  it  has,  is  always  the  betted  •,  on  which  Account^  that 
Inarked  Ti^.  57.  is  preferable  to  the  other.  I  know  not  for  what  reafon 
the  Cbinefe  call  it  Gin-fengj  which  fignifies  the  Reprefentalion  or  Form  of 
Man:  Neither  I  my  felf,  nor  others  who  have  fearched  and  inquired  in- 
to it  on  purpofe,  could  ever  find  it  had  any  Refemblance  to  the  Signifi- 
cation of  its  Name  -,  though  among  other  Roots  there  may  now  and  then 
be  found  fome  which  by  accident  have  very  odd  Figures.  The  Tartars 
with  more  Reafon  call  it  Orbota,  which  fignifies  the  chief  of  Plonts. 

It  is  not  true,  that  this  Plant  grows  in  China^  as  Father  Martini  af- 
firms from  the  Authority  of  fome  Chinefe  Books,  which  make  it  to  grovr 
on  the  Mountains  of  Tong-pinfou  in  the  Province  of  Peking.  They  might 
eafily  be  led  into  this  Miftake,  becaufe  that  is  the  Place  where  it  firft  ar- 
rives when  it  is  brought  from  Tartdry  into  China. 

Thofe  that  gather  this  Plant,  preferve  only  the  Root,  and  bury  to- 
gether in  fome  certain  Place  in  the  Earth,  all  that  they  can  get  of  it,  in 
ten  or  fifteen  Days  Time.  They  take  Care  to  wafh  it  well,  and  cleanfe 
it  with  a  Brufh  from  all  extranepus  Matter  ^  then  they  dip  it  into  fcald- 
ing  Water,  and  prepare  it  in  the  Fume  of  a  fort  of  yellow  Millet, 
which  communicates  to  it  part  of  its  Colour.  The  Millet  is  put  into 
a  VeflTel  with  a  little  Water,  and  boils  over  a  gentle  Fire  -,  the  Roots 
are  laid  upon  fmall  tranfverfe  pieces  of  Wood  over  the  Veffel,  and  are 
thus  prepared,  being  covered  with  a  Linnen-cloth  or  fome  other  Vef- 
fel placed  over  them.  They  may  alfo  be  dry'd  in  the  Sun,  or  by  the 
Fire  -,  but  then,  though  they  retain  their  Virtue  well  enough,  yet  they 
have  not  that  yellow  Colour  which  tht  Chinefe  fo  much  admire.  When 
the  Roots  are  dry*d,  they  muft  be  kept  clofe  in  fome  very  dry  Place  % 
otherwife  they  are  in  Danger  of  corrupting,  or  being  eaten  by  Worms* 

[This  Plant  {Gin-kng)  grows  to  the  Height  of  about  18  Inches."] 

XI.  Jraliajirum  is  a  Genus  of  Plants,  whofe  Flower  A*  is  complete  f,  ^  ^««  Genus 
regular,  polypetalous,  and  hermaphrodite,  (landing  on  the  Ovary  B.  ^-^J^^*  ^^ 
The  Ovary ^  which  is  crown'd  by  a  Calyx  cut  into  feveral  Parts,  becomes  Gin-rcnV//  a 
a  Berry  D,  in  which  are,  for  the  moft  part,  two  flat  Seeds,  like  a  Semi-  Species.  Gw. 
circle,  which  both  togt  ther  reprefent  a  fort  of  a  Heart.  Add  to  this,  the  mtmicated  by 
Stalk,  which  is  finglc,  ending  in  an  Umbel,  of  which  each  Ray  bears  -'^^'^  V^Uant 
but  one  Flower.     Above  the  Middle  of  the  Stalk  come  cut  feveral  Pe-  shcrrard.  n. 
dicles^  (as  on  that  of  the  Jnemone)  on  the  Extremities  of  which  grow  fe-  354.  p.  705! 
veral  Leaves  like  Rays,  or  like  an  open  Hand. 


Vid.   ARALIA   Inft.  rei  herb.  Tab.    154. 
Complete,  that  u  to  faj,  that  has  a  Calyx. 

5  I  z       '  ^be 


3  20  Araliaftnim  a  New.  Genus  of  Plants. 

The  Species  of  this  Genus  are^  [i.  Araliafirum  ^n^fBSi  foIU^  f/^j^h 
Nin-zin  vocaium  D.  Sarrazin.  Gin-fcng.  Des  lettres  cdifiantes  &  curicii- 
As,  Tow.  X.pag.  172. 

2.  Araliaftrum  ^inquefolii  folioj  minus.  D.  Sarrazin.  PUmiula  AUri^ 
landica^  foliis  in  fummo  caule  temiSj  quorum  ununiquodqui  fum^i^ariwn 
dividitutj  circa  margines  ferratis.     N.  36.  Raii  HilL  III.  658. 

3.  Araliajlrum  Vragraria  foUo^  minus.  D.  Vaiilant.  Nafiurtimm  Maria- 
num  Anemones  fylvatica  foliis^  enmaflyUony  ftoribus  exiguis. '  tluk.  Maa- 

tiff.  135.    Tab.  435- Fig-  7- 

To  fticw  wherein  Araliaftrum  differs  from  Aralia^  (from  whence  it 
takes  its  Name)  'tis  convenient  to  give  alfo  the  CharaAer  of  chis  laft 
Cenus^  fuch  as  Mr.  VaiUant  eftablifh'd  it,  in  his  Demonftratioiis  of  the 
Year  171 7. 

Aralia  *  is  altogether  like  the  Araliaftrum^  as  to  the  StruAure  and  Si- 
tuation of  its  Flower,  but  its  Berry  coniifts  of  five  Seeds  plac*d  round 
an  Axis.  Moreover  its  Leaves  are  branched*  almofl  like  thofe  <^  An- 
gelica ;  and  its  Stalks  (which  in  fome  Species  are  naked,  and  in  others 
have  Leaves  fet  alternately)  bear  each  feveral  Umbels  at  their  Top,  in 
the  Form  of  a  Bunch  of  Grapes. 

5lt^  Species  of  Aralia  are^  [i.  Aralia  caule  apbyllo^  radice  repente. 
D.  Sarrazin  Chriftopboriana  Virginiana  Zarz^e  radicihus  furculqfis  ^  ffu- 
gofis^  Sarfaparilla  noftratibus  di£la.  Pluk.  Almag.  98.  Tab.  238.  Fig.  5. 
Zarfaparilla  Virginienjibus  noftraiibus  diffa^  lobaSis  umbellifer^  foUiSy  Ame- 
ricana.   Ejufd.  Almag.   396. 

2.  Aralia  caule  foliofo  lavi^  D.  Sarrazin.  Aralia  Canadenfis.  Inft.  rci 
Herb.  ;}oo. 

3.  Aralia  caule  foliofo  6?  bifpido^  D.  Sarrazin. 

4.  Aralia  arborefcens  fpinofa^  D.  Vaiilant.  Angelica  arborefcens^  fptnafa^ 
feu  Arbor  Indica^  Fraxini  folioj  cortice  fpinofo^  Raii  Hift.  II.  1798,  Cbri" 
ftopboriana  arbor  aculeata  Firginienjls^  Pluk.  Almag.  08.  Tab.  20. 

All  the  Spjcies  of  thefe  two  Genera^  except  the  laft  of  each  of  them, 
are  common  in  Canada.  The  Inhabitants  of  that  Colony,  and  thofe  <i 
Virginia^  call  the  firft  Species  of  Aralia  by  the  Name  of  SarfapariUa^  be- 
caufe  its  Roots  have  almoft  the  fame  Figure  and  Virtues. 

Mr.  Sarrazin  writes,  that  he  had  a  Patient  who  had  been  cured  of 
an  Anafarca^  about  two  Years  before,  by  the  Ufe  of  a  Drink  made  of 
thefe  Roots  ;  and  affures  us,  that  the  Roots  of  the  fecond  Species^  well 
boil*d  and  apply'd  by  way  of  Cataplafm^  are  very  excellent  for  the  ci>- 
ring  of  old  Ulcers ;  as  alfo  the  Decodtion  of  them,  with  which  they 
bathe  and  fyringe  the  Wounds.  He  does  not  at  all  doubt,  but  the  Vir- 
tues of  the  third  Species  (which  I  Ihall  briefly  defcribe)  are  the  fame  with 
thofe  of  the  fecond. 


•  TiW.  hfi.  ret  Herb.  300.  Tab.  154. 
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-  Its  Roots  creep,  and  fend  forth  Stalks,  which  rife  commonly  to  the 
Height  of  a  Foot  and  half,  and  fometimcs  to  two  Feet ;  the  bottom 
part  of  them  is  rough,  with  reddilh,  ilifF,  and  prickling  Hairs.  Thefe 
Stalks  arc  fet  from  the  Bottom  to  almofl:  the  Top  (which  are  divided 
fucceffively  into  fcreral  naked  Branches  charged  with  Umbels)  with 
branched  alternate  Leaves,  almoft  like  thofe  of  Podagraria  birfuta  An- 
gelica folio  fc?  odore  D.  Vaillant ;  which  Plant  is  gravM  in  the  fecond 
Tome  of  Boccone's  Muf/eumj  by  the  Name  of  CerefoUum  rugofo  Jngeli- 
€a  foUoy  Jromaticum,  Tab.  19.  and  in  Rivim  by  that  of  Myrrbis  folio 
Podagraria. 

XIL  Monfieur  Marcband  acquainted  the  Affembly  of  the  Jcademy  of  0/  a  New 
Sciences  in  France^  with  the  Difcovery  of  a  new  Simple.     The  firft  that  f  ^J^S  /i 
brought  it   into  Reputation,  was  a  Poriugueze  Surgeon^  who  having  y^^^  ^,7^ 
lived  many  Years  in  Brazil^  difcovered  the  Virtues  of  this  Plant ;  after  Scrophularia 
returning  into  Portugal  with  a  Defign  to  raife  a  great  Trade  with  it,  he  ^^^^?j:  ^ 
fent  feveral  Specimens  of  it  every  where.     He  called  the  Plant  Iquetaia^  ^^  ^^" 
and  attributed  to  it  no  lefs  Virtues  than  the  Cure  of  Apoplexies y  Pleuri-  p.  ,,03.' 
JieSy  and  Intermitting  Fevers.     He  added  one  Thing,  which  though  more 
particular,  yet  feemed  more  probable,  which  was,  that  the  Leaves  in- 
fus'd  with  SenTia^  took  from  it  its  difagreeable  Tafte  and  Smell,  without 
altering  any  Thing  of  its  Purgative  Quality.     The  Samples  that  he  fent, 
were  not  in  fufficient  Quantity  to  make  Experiment  on  the  Diftempcrs, 
he  faid  it  was  proper  for  ;  but  there  was  enough  to  try,  whetlier  they 
had  the  Virtue  to  corred  the  Tafte  and  Smell  ot  Senna.     Therefore  there 
was  infus*d  two  Drachms  of  it,  with  as  much  Senna  in  a  Chopihe  of 
"Water,  and  the  Experiment  confirmed  the  Matter  of  Fa£t :  Being  defi- 
rous  to  know  what  Species  of  Plant  it  was,  and  it  being  impoffible  to 
difcover  it  by  the  Leaves,  which  the  Portuguefe  Surgeon  had  taken  fo 
much  Care  to  cut  very  fmall,  Monfieur  Homberg^  who  had  fome  of  it 
lent  him,  perceived  fome  Seeds  fwimming  on  the  Water,  in  which  they 
were  infus'd ;  and  taking  up  as  many  as  ne  could  of  thefe  Seeds,  gave 
them  to  Monfieur  Marcband^  who  fowed  them  ;  from  whence  grew  up 
a  Plant,  which  we  need  not  go  to  Brazil  to  feek,  it  grows  in  Europe  \ 
nor  need  we  go  out  of  France  to  find  it ;  nay,  we  may  have  it  all  round 
Paris  i  'tis  the  Scrophularia  aqualica.     To  be  the  more  certain  of  it,  there 
was  fome  of  our  Scrophularia  fowed  on  a  Bed,  and  fome  of  the  other 
Seed  on  another,  and  there  was  obferved  but  fome  fmall  Differences, 
which  may  be  well  attributed  to  the  different  Culture  and  Soil.    There 
was  likewife  try*d  the  Virtue  of  our  Scrophularia^  and  it  was  found  to 
have  the  fame  Effefl,  in  taking  away  the  Tafte  and  Smell  of  Senna.  Mon- 
fieur Marcband  concluded  from  this  Difcovery,  that  it  was  more  fit  to 
labour  to  know  the  Remedies  that  are  in  our  own  Land,  than  to  run 
over  all  the  Earth  in  quefl  of  that,  with  much  Labour  and  Charge,  which 
we  may  have  for  nothing  at  Home,  if  we  took  the  Pains  to  fearch  :  And 
added,  that  a  knowing  Botaniji  (meaning  his  Father)  after  many  long 
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Travels  avowed,  that  there  might  be  found  in  all  Countries  Remedies 
for  all  Difcafes,  and  that  having  apply'd  himfelf  to  this  Matter,  be  had 
difcovered  a  good  Number  of  Simples  commonly  to  be  found,  that  had 
great  Virtues,  of  which  he  had  graved  the  Plants.  He  named  among 
others,  the  Achillea  MiMana  Pena^  which  fmoaked  in  a  Pipe  as  fv- 
baccoy  confidcrably  cafes  an  Aftbma. 

Ofihi\v(mt\'  XIII.  AttmeUa^  Acmella^  and  Hacmtta^  for  the  Seeds  arc  fo  named 
la  and  its  Li-  which  wcfc  feut  to  mc  in  the  Year  1691  from  the  Ifland  Ceybn^  where 
thontriptic      this  Plant  grows  and  is  very  well  known. 

VHoJon^^'  The  Plant  itfelf,  which  I  reared  in  the  Year  1692,  bears  Flowers  on 
763/p.  790?'  the  Tops  of  the  Stalks,  compofed  of  fcveral  fmaller  tubulous  Flowers 
coUeftcd  together,  and  forming  a  kind  of  Head,  fupported  by  a  fnc- 
kaved  or  many-leaved  Calix,  very  much  refembling  the  wing>ftalked 
Curajfa  Marigold,  with  the  Orange  Flower  (of  which  there  is  a  Figure 
in  Ptuknet^s  Phytog.  in  Herman*^  Par.  Batavo,  in  the  Horto  Monipcl. 
Mcgncl.  and  the  Flora  Noribergenfi  of  Volkamer)  but  fomewhat  yellow. 
After  the  Flowers  arc  fhaken,  the  Seeds  follow,  which  arc  of  a  greyifli 
brown  Colour,  long,  fiat,  with  a  double  Beard  at  Top,  to  which  the 
Flowers  were  contiguous.  It  grows  up  in  fquare  Stalks  covered  widi 
conjoined  Leaves,  longer  and  more  prickly  than  thofe  of  the  Nettle  or 
Dead-nettle  j  whence  it  is  conjeftured  that  this  Plant  is  doubtlefs  of  the 
Thiftle  or  Artichoke  Tribe,  and  of  the  fame  Species  with  that  called 
Bidens  by  CafalpinuSy  and  after  him  by  Tottrnefort^  from  its  forked 
Seed.  Wherefore  fince  this  Plant  hitherto  has  no  Name,  I  think  from 
the  Nature  of  the  Plant  the  following  may  be  given  it. 

Bidens  Urtica  folio  Lithontriptica  Zeylanica,  or  the  Lithontripdc 
Nettle-leavM  Bidens  of  Zeylan.  For  amongft  all  the  Medicines  which 
have  been  ufed  for  diffolving  the  Calculus,  this  Plant  of  lace  Years  is 
become  the  mod  celebrated,  both  amongft  our  Countrymen  living  in 
that  Ifland,  and  very  lately  it  is  likewife  become  very  famous  amongft 
ourfelves. 

A  Soldier,  who  in  the  Year  1690  firft  gave  an  Account  of  this  Herb 
to  our  Eaft-India  Company,  declared  that  he  had  cured  upwards  of  a 
hundred  Perfons  of  the  Stone  and  Nephritick  Complaints.  And  the 
Governor  and  chief  Council  of  the  Dutch  in  the  Ifland  of  Qylon,  tcftifr 
in  Letters  wrote  that  fame  Year,  its  Succefs  on  two  Perfons  who  were 
troubled  with  the  Stone  ;  for  they  fay  that  thefc  Perfons  voided  a  great 
deal  of  Sand,  and  broken  Pieces  of  Stone,  almoft  without  afiyPain. 

Colombo^  chief  '-urgeon  to  the  Hofpital  in  the  above  Ifland,  in  Let- 
ters which  he  wrote  to  me  in  the  Year  1699,  in  order  to  confirm  the 
Truth  of  the  above,  fays,  that  he  is  pofitive  there  is  no  Medicine  that 
has  hitherto  been  found  more  efFcftual  againft  the  Stone  and  Nephritick 
Diforders  -,  and  he  farther  adds,  that  with  very  great  Pains  he  had  found 
out  three  Species  of  it.  The  firft  of  thefe  is  covered  with  light  green 
Leaves,  and  its  Seed  is  of  a  dirty  yellow  Colour,    The  fecond  has 
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Leaves  of  a  deep  green  Caft,  and  its  Seed  is  of  the  fame  Colour  with 
the  other.  The-  Seed  of  the  third  is  black,  and  the  Leaves  are  a  great 
deal  larger  than  thofe  of  the  other  two,  which  he  fays  are  the  bcft,  Hr 
^adds,  that  this  Plant  is  extremely  fertile,  each,  producing  upwards  of 
ten  thoufand  Seeds. 

They  make  ufe  both  of  the  Leaves  of  this  Plant  and  the  Seeds,  wliich 
Colombo  praifes  above  all  th«  reft  of  the  Plant  5  as  alfo  of  the  Root, 
Stalks  and  Branches. 

The  Leaves  being  gathered  before  the  Flowers  pufh  out,  dried  in  tlie 
Shade,  and  reduced  to  a  Powder,  ar^  given  in  a  proper  Vehicle,  or  in- 
fufed  in  hot  Water,  and  drank  in  the  fame  manner  as  Tea.  They  are 
likewife  infufed  in  Spirit  of  Wine,  and  a  Spirit  is  diftilled  from  the 
Root,  Stalks  and  Branches. 

Another  Governor  of  the  Hofpital  at  Ceylon  aflerts,  that  he  had  ufed 
the  Flowers,  Roots,  Extrad  and  Salt  with  good  Sujccefs  in  the  Pleurify^ 
Colick  and  Fevers. 

Mr.  Colcmbo\ti\m  Letters  commends  likewife  for  their  Lithontriptic  ^w/Z^rr Plant. 
Quality,  the  Bark  of  the  Roots^  and  the  Roots  themfelves,  of  a  certain 
Herb,  called  by  the  People  of  Ceylon^  Mangul  Caranda  Pottu  *,  but  what 
Kind  of  Herb  this  is,  1  know  not. 

XIV.  Peru  Bark  comes  from  a  Tree  of  about  the  Bignefs  of  a  Plumb  0//A^ Jefuifs 
Tree,  with  Leaves  like  Ivy,  but  not  quite  fo  big,  and  are  always  green.  ^  qj-  '^'n 
The  Indians  call  it  ^erango.     It  is  gathered  in  Autumn,  and  the  Rind  ^qq.  p.  1596'. 
taken  off  all  round,  as  well  from  the  Trunk  as  Boughs,  which  grows 

again  in  four  Months,  as  Cork  does  :  The  Trunk  is  about  the  Bignefs  of 
a  Man^s  Thigh  ;  it  bears  a  Fruit  not  unlike  a  Cbefnuty  (except  in  its  outer 
Rind  or  Shell)  which  is  properly  called  China  China^  and  is  eftcem'd  by 
the  Natives  beyond  the  Bark  taken  from  the  Trunk  or  Boughs.  This 
Account  I  received  from  an  ingenious  Apothecary  at  Cadiz  in  Spain, 
A.D.  1694,  who  had  liv*d  in  Peru^  and  had  feen  it  growing,  and  gathered 
it  feveral  Times.  From  this  Hiftory  I  made  this  Obfervation,  that  pro- 
bably China  China^  or  the  Rind  of  the  Fruit,  was  firft  only  in  Ufe,  and 
the  more  powerful  Medicine  ufed  in  fmaller  Quantities,  and  that  the 
Bark  of  the  Tree  came  not  into  Ufe,  till  fome  Time  after  j  when  the 
Virtues  of  it  known  in^  Europe^  occafioned  a  greater  Demand  for  it. 

XV.  Of  the  Walnut-Tree  Authors  feem  to  have  known  but  fix  Spe-  A  new  Kind 
deSj  tho'  I  can  reckon  nine.     They  confounded  (unlefs  I  am  deceived)  ^^^'""'- 
with  the  common  forty  that  which  the  Country  People  call  Noix  Jngleu-  Mr\cncvLJ- 
/Jv>  which  one  may  call  Nux  Juglans  putamine  dunffimo^  which  appears  me.  n.  273. 
to  me  to  be  that  which  in  Hermolaus,  and  in  the  Hiftoria  Lugdunenjis  is  p.  908. 
called  Moratia  Moracilley  and  which  Cafalpin  calls  Surda. 

I  don't  fee  that  the  fame  Authors  have  diftinguifh'd  another  Species, 
•which  might  be  call'd  iVJs^x  Juglans  fruSlu  prcecoci^  becaufe  they  are  fooner 
ripe  than  the  others,  and  eaten  about  the  Feaft  of  St,  John  en  Cerneauxy 
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which  has  given  them,  amongft  the  Country  People,  the  Name  o^Nax 
Joanneties.  As  for  that  Species  I  am  to  treat  upon,  I  can*c  find  any 
Author  that  knew  of  it,  and  therefore  I  ihall  call  it  Nux  Jugtans^  ftiU 
ileganttr  diJfeSo^  or  Acanthi-folia. 

The  Oil  which  is  prefled  out  of  the  Walnut-Tree,  in  certain  Pro- 
vinces is  ufcd  inftead  of  Butter  and  Oil-Olive.  In  J5my,  where  they 
have  very  good  Wool,  and  where  they  trade  very  much  in  Cattle,  they 
have  yet  but  very  little  Butter ;  and  that  little  which  they  have,  is 
worth  nothing,  and  is  very  dear  ;  fo  that  they  ufe  Nut-Oil  in  drcffing 
their  Meat  to  eat.  For  this  Reafon  there  are  an  infinite  Number 
of  Walnut-Trees  planted  in  the  middle  of  the  ploughed  Lands,  in 
fuch  fort,  that  afar  off  one  would  take  thefe  Lands  for  Woods  of  Wal- 
nut-Trees. 

The  Want  of  thefe  Trees  in  this  Country  obliges  the  Inhabitants  to 
cultivate  dicm,  and  they  take  care  to  nourilh  them  in  particular  Places,. 
OS  in  a  fort  of  Nurfcry,  in  order  to  plant  them  afre(h  when  they  die, 
whether  it  be  of  Age  (which  is  rare)  or  whether  they  decay,  or  that  they 
arc  feird,  for  the  Wood  to  work  with. 

T^e  laft  Auiutnn^  two  Leagues  from  SelUs  in  Berryj  in  the  Parifh  of 
L/V,  as  I  walked  in  an  Orchard,  looking  upon  fome  Plants  near  a  Place 
where  they  bred  up  a  vaft  Number  of  young  Walnut-Trees,  I  perceived 
in  the  middle  a  fort  of  Leaf,  (or  Foliage)  which  I  had  never  taken  No- 
tice of  before.  I  went  thither  forthwith,  and  having  examined  it,  as  I 
knew  not  the  Subftance  of  this  Leaf,  I  tafted  it.  The  Tafte,  Smell, 
Wood  and  Figure  of  the  Tree,  perfuaded  me  to  believe  that  it  was  a 
Walnut-Tree,  and  I  concluded  that  this  was  one,  tho*  I  did  not  re- 
member that  I  had  ever  read,  or  heard  of  any  fort  like  this. 

This  Tree  is  very  young,  and  did  never  yet  bear  any  Fruit,  per- 
haps, becaufe  it  may  be  (in  a  maimer)  choakM  up,  and  that  there  is 
neither  Air  nor  Nourilhment  enough,  by  reafon  of  the  great  Number 
of  other  Walnut-Trees,  which  grow  round  about  it.  It  is  near  fix 
Feet  high,  and  two  Inches  Diameter  at  the  Bottom.  *Tis  adorned  at 
the  Top  with  many  Branches,  and  (as  the  Country  People  faid)  was 
about  eight  or  nine  Years  old,  and  that  they  had  always  found  its 
»  Leaves  like  thofe  which  I  faw. 

The  (common)  Walnut-Tree  bears  its  Leaves  by  Pairs,  upon  a  Stalk, 
which  terminates  with  a  like  Leaf,  that  is  ordinarily  bigger  than  the  reft : 
^  And  it  has  very  fcldom  above  three  Pairs  upon  each  Stalk. 

This  hasTomctimes  four  or  five  Pairs,  and  fometimes  more,  which 
are  one 'while  oppofite,  another  while  alternate,  altho*  its  Leaves  ap- 
pear fmaller  than  thofe  of  the  common  Walnut-Tree,  becaule  of  the 
Cuttings  or  Slajhes.  They  are  neverthelefs  as  big,  if  one  minds  their 
Circumference  taken  from  the  Extremities  of  thefe  iS/tf/&w. 

The  firft  Pair,  and  fometimes  the  fecond,  are  lefs  cut  than  the  reft, 

being  fo  only  upon  the  Circumference :  but  the  others  are  cut  fo  deep, 

that  it  looks  as  if  the  Nerve  in  the  middle  of  the  Leaf  was  only  a  Stalk ; 
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and  the  Cuts  of  the  Leaves  are  fometimes  by  Pairs,  fometitnes  finglc  on 
one  fide.  Thefe  UbV6ft  ^ft'ib*i^iii»  fiorked  at  the  End,  and  Tome* 
times  end  with  a  Point.  There  are  alfo  fome  Places,  where  it  looks 
as  if  ebe  LcaTwas^  Mtti.  on*,  fi^orpv^,  almoA  like  the  Ange&M  HanadBnfisy  ;  *  :  \  y\  -  % 
fdRs  ^fi  pramorjja*  There  are  others t  w^ese  it  feeing  tihas  thef  are.  * 4.^. ;;.>:: 41 
dduble,  as  if  theScaik  or  th^  Nerve  was  winged,  jufi  z»  chd  wjlig!^ 
Stonrs,  or  Trunks^  or  Cauks  alati.  Ail  thefe  Cuts  and  dtafke*  u€  t^ 
yke  IndcnQores  cor  Nocrheis,  hut  finUk  widi  a  Roim^.  Aiid  not^thv 
ftaoding  ail;  tissfe  irregolarittssy  thsy  look  f^  ptnty^  that  S  can't  cmik 
pare  them  better  f /p  anf  tbmg).  than  thofe  wrought  Leaves,^  whkh  htvt 
for  Omammts  to  tbe  FainterSy  almoft  like  thofe  whkh.addm  th€ 
Cw^x;A  of  (Qpkmns  of)  the  Cmntbim  Order,  w  that  w^hkk  ia  He-> 
raldry  they  call  the  Mantles,  or  that  which  the  Botanifts  term  jican^ 
tbas  or  BrsjKs  Vrfka^  which  14  the  fisfl  Ofig^^  of  «l^i$  fen:  of  Or- 
nament. 

Biokdjamp  has  ohfrrv^d  an  Aereai  Hooey  ^f  a  y«lh>wifli  C<sitour  up-  /  .  *  . 
on  the  Leaves  of  a  Wa{nut*tree,  durit^  the  greateft  Heats  of  the 
Samoner  $  whi4:h  can  be  nothif^  bot  an  Effe^  of  the  TrdVifpiration  of 
this  Tree^  as-  of  aili'  other  Trees,  wherein  the  fame  thing  is  to  be  found  -, 
as  I  iptav'd  ia  a  Difcoorfe  ta  the  Acadewy  M  Year,  Ivi  %eakhig  of  th3 
Sycamore. 
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1.  An  Account  of  Mr.  Sam.  Brown's  (a  Phyfician  «  Ftf«i  Sfi  &S^g^}n,z7i.p.i^^. 
T'bird  Book  of  Eaji-Iftdia  Plants,  with  their  Names,  Virtues,  Defcrip- 

tions,  ^c.  by  Mr.  J.  Petiver. 

2.  An  Account  of  the  Fourth  Book  of  the  fame.  «.274./>.92> 

3 . of  the  Fifth  Book.  n  zje.p.  1 007. 

4* of  the  Sixth  Book;  ».277.^.ioj5. 

5. of  the  Seventh  Book*  ir.282./. 1 25 1 . 

6. of  the  Eighth  Book.  ».299/.i952. 

•   7.  G.7.  Ctf»^//i  de  P/tfirrix  PhiUppenJiims  Scandentibus  TraSatus^  fent».293/  »707- 
to  Mr.  Petiver.     To  which  is  added,  a  Catalogue  of  jHi?rij  he  formerly 
fent  him,  the  Bejigns  of  which  are  defcribed  by  Mr.  7.  Ray  in  the  ^jp- 
jp^i/>  to  his  Third  Volume  of  Plants. 

8.  G.  7.  Ctf;w/i!f  de  Plantis  Plnlippenjihus  Scandentibus^  Pars  Se- n,zi)^.p.ij6i: 
tunda. 

9. Pars3V/w.  n^tgs^p.t^og- 

10. Pars  !^arta.  jf.296./.i8i6. 

II.  An  Account  of  feveral  Rare  Plants  lately  obferved  in  feveral^^^s^ •^375• 
curious  Gardens  about  London,  and  particularly  the  Company  of  Jpotht-  I'V^^^l^lf 
varies  Phyfic  Garden  at  Cbelfea^  by  Mr.  J.  Petiver^  in  Seven  Trafts-      177    ^^*  ^^' 

«f•343^«9• 
n.  344.^.  269. 

yoL.  IV.   Part  11.  5  K  ,     XVI,  ••  34<>'/v353- 


^%6  Accounts  of  Booh  Omitted. 

XVI.  Acccimts  9f  Becks  Omittii. 

gLsie./.244s:      i«  The  whole  Art  of  Hnjbmdry^  bj  Jolm  MMHimer^  Efi];  Zvq. 

m.%%%.p.\^\\.  2.  Gazopiylacii  Nature  iS  Artis  Decas.  In  qua  ^iM//tf  Quadni- 
peda,  AveSt  Pifces^  Rcptilia,  Infefta,  Vegetabilia;  item  Fcfiia^ 
Corpora  marina,  &  Stirpes  Minerales,  e  Terr&  eruta ;  Lapides  figun 
infignes,  &c.  DefcriptiofUhis  brevibus  &  Icmtikus  iUuftrantur.  iSfce 
annexa  eft  SapeUex  Antiquarian  Numifmata,  Gemms  exdfie  &  Sculp- 
turae.  Opera  Figitlina^  Lucernae,  Urnas,  Inftrumenu  varia,  Infcripdo- 
nes,  Bufta,  reliquaq;  ad  Rem  Prifcam  fpeAantia;  item  Machinse, 
£^ies  clarorum  Virorum^  omniaq;  Arte  produfta.  A  Jacobe  Pettver^ 
R«  o.  S« 

ff. 33 1./.  344.  3.  GazapbylacH  Nature  ^  Artis^  &c.  Vol.  L  in  V.  Decadibus,  per 
7.  Pether. 

/i.lo6./.i253.  4.  Samuitis  Dale^  Pbarmacolcgi^  five  MmuiitSimds  ad  Materiam 
Medicam  SuppUmentum ;  Medicamenu  OffkinaUa  compledens :  Ut  & 
Notas  Generum  CharaAerifticas,  Specierum  Synonyma,  Difieientias,  & 
Vires.  Cum  duplici  Indice,  generali  Altero  nominum  &  fynonymo- 
rum  pnedpuorum^  Altero  Anglico*Latino,  in  Gratiam  Tyronum« 
izmo.     Lend.  1705. 

i.  325.  /.  3^  5.  Index  PUmtanim  Horti  Lugduno-Batavi^  per  Hemummtm  Boer- 
haven.    Lugd.  Bat.   1710.    %vo^ 

••345^35o-  6.  Lndavici  Ferdinandi  MarfiUi  Diflertatio  de  Generationc  fkngmtm. 
Romas  1710.  iw. 


A   GENE- 


A    GENERAL 


I   N   D   E    X 


O  F    A  LL 


The  MATTERS  contained  in  thefc  Two  Volumes^ 


Note,   The 
Seamd  Part 
"  Pages. 


Numeral    Letters    diftinguiih    the   Volumes^   ii  Jigmfies   the 
in  each  Volume,    and   the   fmall   Figures   fignify  the 


A. 


IV. 


IV. 
V. 


ACOUSTIC  Experiments,  Fol. 
Page  396. 
Jcreu    itow  many    m  England. 
449 
Jgi^  of  the  Age  of  MSS.  Authors,  bfc. 

ii.  I. 

The  Great  Jge  of  Old  Baylet,  V,  ^44.  of 
ieveral  Pcrfons  in  Sbrop/bire,  V.  ii.  1  il.  m  Tork- 
fifire^  1 1  z.  in  Neav' England,  165.  The  Mcnfcs 
till  70  Years  of  jf<;f,  V.  952.  A  new  Sett  of 
Teeth  after  80  Years  of  Jg^  V-  353-  The  jfge 
df  the  World  to  be  foond  oy  the  Encreafe  of  the 
Saltnefs  of  the  Sea,  V.  ii.  216. 
'  Jgriculture  of  the  CMnefi,  V.  ii.  175. 

Jtr^  Experiments  fhewing  how  much  the  Re- 
ffibince  of  the  jiir  retards  Falling  Bodies,  IV.  ii. 

To  Eftimate  the  Motion  of  the  Air  flowing  oot 
tffthe  Lungs  in  Expiration,  IV.  44  r. 
'  The  Human  AUuntois  difcoVer'd,  V.  309. 
An  AUar  to  Hercules j  V.  ii.  47. 
Amber ^  Of  its  Lominoas  QUaiity,  IV.  ii.  275. 
A  Treatife  on  it,  279. 
'  Amulets^  V.  ii.  123. 

A  Courfe  of  Anatomy^  V.  184. 
'  Avder'tda^  where  fituated,  V.  ii.  77. 
*  Animals^  of  Carnivorous  Animals^  V.  i,  to  9. 
A  new  Cl^  of  Animals,  177. 
AnitMdadu  in  the  Iteh^  V.  197. 


Anenrifma,  two  Cafes  of  it,  V.  334,  335; 

Of  the  Ant-bear,  V.  ii.  180. 

AntifuiiieSf  vid.  Rmam* 

Antipdties  in  Nortbnmberlmnd,  V.  ii.  57.  Prencb 
and  Irijb^  57.  in  Ireland,  12c. 

Antient  Brafs  Inftroments,  V.  98  to  io8. 

./fti/>*#fff  Trumpets,  too. 

Afproximaifn,  the  llmhod  of  Approximating, 
in  £xtra6Ung  the  Roots  of  Equations  m  Numbers, 
improvM,  iV.  80. 

A  particular  ApopleSic  Cafe,  V.  210. 

Analifirum,  a  new  Genus  of  Plants,  IV.  ii.  319. 

Arfenie,  of  its  Preparation,  V.  420. 

Arteries  and  Vems,  Tables  of  them  explained, 
V.  328.  Spermatic,  329.  Offificatims  q£  ^Ant  Ar* 
taries,  341,  544. 

Afieftus,  and  the  iscombuftible  Cloth  made  of 
it,  IV.  ii.  282.  AJbeftus  foond  in  Scotland,  283, 
285. 

An  Afihmatic  difl^ed,  V.  220. 

Afironmical  Obfervations  for  1711,  1712  at 
Greenwicb^  IV.  281.  for  1713,  291.  A  Col- 
le£tion  of  AJfronomical  Obferradons  for  17 17, 
1718,  IV.  329.  for  1719,  336.  Afirwmical 
Matters  in  New-England,  V.  ii.  161. 

AttraSion,  a  Defence  of  it,  V.  428.  The 
Laws  of  it,  IV.  353. 

Attmella,  a  Lithontriptic  Plant  from  CoAnr,* 
IV.  ii.  322. 

Aurora  Borioles,^  IV,  ii.  134,  135,  I53>  >S4# 
163,  i68. 

I  K  2  B.  Saro' 
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,     CatmiUlaitMim  V*; 

A  Chai^L  W^ter  at  fimtfthytj,  TV  iL  -Mf» 
Chances,  a  Problem   in  them  folv'd^    V.  ii, 

Baromttrical  ExperimentB  in  Swiftfrbm^i:     /i^^a^^s  i^fpnown  at  Ownara  m  Salfit,  V. 
D ^-.^1  Ai-^^.j_  .*fl- A.  rr^..  ii.-l::    g^   „j  ^^/fj,   120.  in  New-England^  16c        * 

The  G»/^  of  Ofdllation,  IV.  380. 
•efthe  Laws  of -Ac  Qtt'ifetaJForc^^c.  IV. 

AOMntiof  it,  V.   il,  176,  to 


BarwutKTt  of  Dr.  £b0i*8  Marine  Barmnetir,  TV 

y«  4 

1 6.  Barometrical  Alticildes  at  Townfy,  Ufmnfter^ 
and  Zurich^  62.  66,  67,  77.  The  Caofe  of  the 
Vxiriatioiniftlie.4ftir«iif//r,  i(^  

Barofcope;^1^e?i  one,  IV.  ii.  |6.  ObfenrationH  3599  \6j 
made  wich  .(^9,  J     QUaM,  fome 

The  Jdoks  Airi,  an  Accoairt  tF  it,  IV.  ii.ma.  -  *        •  - 

323.  I     Cinnamon  Trees  in  Cdlan,  V.  ii    180, 

Sraminer,  Indian,  an  Account  of  their  Opinionsl     A  C&ii^  crying  in  the  Wonib,  V.  305.   A  ChiU 

,«r__n.?_  xr  .?   _^  L       r.n-r.,_c     ii  n_  _       «     An  Emadatei 

in  them,  IV.  ii. 


and  Worihtp,  V.  ii.  165 
Tycho  Brahe's  Caftle,  V.  ii.  i  ja. 
A  Triple  Bladder,  V.  284. 
BeaJs  of  the  Drojds,  V.  ii.  i2|. 
.T^»mtst  in  Che  ir^,  V.  z  t6^  aiB* 
i?<^/,  V.  ii.  146,  156.  w  JTib/w,  116,  118 
Bellini,  fome  Account  of  him,  V.  ii.  137* 
Sirib^  Mijjraiiun'or'tnem,  V*  "j^*  Bipdo  *«•  • 

York/hire,  V.   ii.    117.    in  VewBngland,    160. 

S!:wge.cmegin»>/«».V'.a3*  »    , 

jf/rM/,  the  Regularity  ofthchi  hi  1)0th«e»s, 


V.rlk  2-40,       -'•'..• 
^/W,  to  eftimate  its  Motion,  IV.  441,  445 


Its  fpccific  Gravity,  V.  320.     The  Circulation  of  Place,  V.  ii.  41. 


linnuiulLof  the  Small-Pox,  308 
one  cKffi»ed,  V.  270. 

Coal-minei,   of  the   Stnta 
26Q. 

.A.'0«w)biwi^.iv:isr2^* ' 

Coins,  vid.  Roman. 

Cmns,  (sic,  found  under  Ground  in  Linaln£irel 
IV.  ^.^,-rf8.  -    

G////,  ^^^,  V.  ii.  1 2 1 .  Norman  at  r«rit,  V.  i 
30.     Swe^l^^  ibid*        ■     ' 

Pewter  Money  Coln^dbf  tfariate  K.  Jmom 

JralmdijVi  o.  |i. 

Gt^,  a  Leaden  one  found  in  a  ^^M^^^trial 


the  Blood  feen  in  the  Omentum  of  a  Cat,  ^29, 
330.  in  Tvl^ts,Y3Jli  ^T^Q-pko^^F^fiU^fihe 
Lungs  6f  a'Frog.ff^efted,  apd  Vfird  w^lji^a 
Microfcope,  V.  2  2  7 .  Picutioc  BJo^  Fiew*4  with 
a'Micfofcop^, '  {V-  '^CH-.  A  ibapge  "Erij^tion  of 
Blooef,  V.  349.  A'Pfrio4ii»il  Eicacuation  c^f  i^ 
at  the  Jii)iQit>»  SS^.*    ^iuteJ^Aip^,  itiid^ 

^0ffr/,  Ibangeones  dug>^p  near  CoMtefSffty^  IV. 

£nglan4M  V.  ii.-  |>{4f  fiuman  Bones  pf i^ixxcra-r 
ordinary  Size  near  St.  Jlbans,  V,  387. 

On  the  Pcafture  of  the  N«dc  of  the'iTlii|di- 
BmUfYs'^n.  TNtW*  of  JS«;»</. implied  V 
a  Callus,  397. 

/A9fiMl^C^,*»£9fmite(itf:4)a 'Metals  with 
xUiy,^4^rU4m\}fS.  i^so.  widvM.^^^'^s, 
19)^. 


CaJentnre,  zUiStorytii'cm^  V.  |64* 
-CsJififmiar  *.Pai^gp  by  Laai  ttr^it,  and  fiwAe 
Afmufit  of  ii,'  y*  ii.  191 . 
-CW/mA  ^upfil}^  ^  I^oTs  of  fioofps,  V.  iSg. 
.  'Ca#^-Sced,  how  cultivated^  IV.  li.  3P9. 

Cancer,  a  ^rapge  one,  V.  214. 
r. €^thamdes^  of  ^ek  intemd  Uiir,  V-  4PS.. 
Cape  of  CW  Hi^/^,  an  Account  of  it^  V.  ii. 

Caruia,^  where  fituated^  V.  ii.  83. 


Cobalt,  V.  42a 

C?/^  DiiToltttions  and  Fftnnentations,  V.  42  r. 

Gv/rV,  aa  nnufual  one,  V.'  264.  An  extiaordinaz^ 

|:feft  (rf^fhc^p/^,.^,  • 

Colonrs,  and  Lighc,'£xpeTimeat«  m  theo^'lV. 

71-*   ;    '    '     : 

Cofii<viHefs,  an  extraordinary  Ca(e  of  it,  M^jtJ^^ 
^70. 

t   G«;^,  of  the  Invention  and-ImprovexBcntft  of 
it,  IV.  ji.  va6&. 

Cmfuiadim^\  the  commiQa  Qfics  oTInteseft  cor- 
feAed,  V.  ii.  242. 

Cmbins^i^,  ami  Altepia^s  fmfrovtd^  IV« 
60.  ^ 

Obfervations  oatl^Oxpierir  An.  1:664.  at  'Rjism§^ 
IV.  339.  An.  i68o.in^tfyifjr,.^o.  An.  i7i8» 
$t  Merlin,  y^  A  fi»all  'tekfcpfKal  Cornet^ « 7I 7* 

344- 

QwV  Se&ions,.foine  Properties  pfthcai^  IV  S» 

Ci/>/«r  Ore,  IV.  i'-  274. 
.  PfocJtf^,  hp^ug  Time.witk.tiie-3iiit's  Apfaqpenl 
Motion,  rv..394. 

Of  the.  Q^tagiom  SSczk  mingft  the  Gv^ 
An.  1714.  V.  4ft^ 

£o9V9^fruo(m  lyrcommttP  kindU  V.  296^ 

XJornea^  Incifions  On  it,  V.  204, 

Cnr<ues,  a  new  Method  c£  TzngentA  VO  tlififsijr 
IV.  7.  Quadrature  of  a  Qfr^e  of  tbe  Third 
Order,  IV.-.a5.    Plobi5«»  ^  Obtws  wfolw^d^ 


A  dmfAl  I  N  D.«  %, 


Length  of  them,  44.    The  Grrv*  a  PalUng  Body 
would  dcfcribc,  Wf    3^1. 

Chufm  in  CAi'm,  an  A.gK)ant  of  it,  and  of  the 
Chinefe^  V.  ii#  17  »• 

The  Opcrati^w  ui/CJ^;^^  to  b»  fplv\l  ty 

D. 

A  Dan\lb  Spur,  V.  ii.    108. 

Of  the  Deatb^watcb^  V,  «(),   »8. 
.A'PHf99fii  Rmk  f ^li  rewvWRg  his  Speech 
ifjrf  H»r4i^  *er  .alasWTr  Y  •  357' 

Two  Deaf  Perfons  underilanding  iv^«;  is  J(^i4 

.^y:«/,  th?  LiM  iof  qiiokeft  l><:/^«iir,  IV. 

Diammtds^   thpii  JaminQas    Qj^icy,   IV.   li. 

^75- 
.  Tic  B^nwH^UcroitA  Uluftmtqd,  Vf.  141. 

^^me  H.i^iy  of  th^t  JU«th04,  t42,  (71.. 

D.ivi9g  ii»prov'4,  IV.  ii.  i-S*. 

A  GifT^^m  of  a  Moibid  Body,  V,.5i9. 

Dropfy,  V.  231.  .  ^  Pr(»^>tf /  Body  4iflW«^> 
a«6.  A  t^rapficqt  Ufe,  f;he  Gall-HUddw  dif- 
tfAdtd,  .;«S7..  £lr:/k/jf  mift^n  for  .  Csf^jd^- 
tion,  288.     A  Dro^ff  of  one  of  the  Ov»ri.e§, 

Thfi  J?0>i«f  Fofging^aiid  Voouting  Mf4icine9, 
y.  3^^  to  402. 

/)iffV7  M^Uir,  the  Caofe  of  its  Afptton^  V.  199.' 
A  Bone  taken  from  tlie  Fabt  of  it,  902, 

E. 

EoTf  Obfervations  on  its  Stra£lare,  V..  204 
An  Earthpiaki  in  the  North  of  Engl/indj  An. 

•703,  IV.  ii.  210.  Eartbfuakes'mNiW'Engliinil^ 

y*ii.l6   . 

Eajler^  the  Rule  for  finding  it  esq^lain'd^  IV. 

3..  27. 

ficbg,  of  ita  Motion,  IV.  4 1 3. 

Elepbant^  Anatomy  of  one,  V.  8a.  l^iietPute 
«f  Q^n^^satidn  in  a  Female,  167.  Miciigfcopi- 
cal  Obfervations  on  its  Skin,  ibid.  The  way  of 
t^ing  Blepbatiis  in  Ceilanr  V.  ii.  176* 

An  Emaciated  Q\a]A  diffeaed,  V.  270. 

Strange  Epiief  tic.  ?it^V.  209. 

Mquations^  an  univerfal'  Solution  of  Cubic 
apd  Biquadratic,  IV.  66.  Mjuati^j  .of  the 
3d,  5th,  7th,  9th,  £s^f.  Powers  lolv'd,  77.  '):'bc 
^Ifithod  of  Approodnating  in  extruding  the 
ILoots  of  Efuati$tu  in  Mumben  imfrorld,.  80. 


'A  Series  %  ^j^reQutg.  ^-Jh^  <^^  Quadra. 
Uc  Elation t^ym    .*•/".  * 

Exbatati^m^    noibp^l  'ju(  the  j^s^^f/f  V.    ii. 

2IJ> 


F2rr^  an  imo&al  Blackneis  in  it,  V»  f9$, 

Tlandets^  Curioilcies  there,  V.  i\.  1 34. 

Flamingo^  the  Natural  Hiitpxy  an^  Dcfcnpcipn 
of  that  Bird,  V.  63.  1^ 

Fraffttr^,  pi  t]^  Neck  of  tb;  Thigh.Bo^e,. 
an  Obfervatioij  qn  it,  V.,%i^^  A  TeFA^^lr 
^Fr4t^utf  of  t)M  ^all,.  V.^fog. 

Ferment attonsy.  cold,  V.  421! 

fi^^  in  JF«Zf/»  V.  ii,  1 1-5,  11^.  f^^iijaa^et.] 
193.  The  Way  of  Fijhit^  in  Cbufam^  175.  i|L 
remarb^leSkin  of  a  Fifi»^%  Scojoouidti,  z^q. 

iiVitf  //^Vij,  y.  ii.  181. 

jRg^//,  Reg^fl^s  (0^  th^,  IV.  ii.  864.  of  £4^* 
cuiver  C/ijf,  263.  of  Har^icb  Cli£'t  264.  jfl. 
^ii/ei,  y.  ii.  1 19,, 1 30. 

Frofi^  of  the  Great  one,.  An*  1708.  IV.  ii. 
113. 

Flower,  of  the  Parts,  and  Ufe  of  the  Flower  in 
Hants,. IV.  ii.  3P5. 

Fmtifs^  of  fi  Bitch  re!Gfivij^,i\o  Nonriflimait 
^t  the  Mouth,  V.  34.  Bones' of  k  dead  Foftus- 
^en  oat  of  a  Cow's  Uterus,  54.  Part  of  one* 
ypided  by  the  N#vel,  ^oo.  thriwgh  an  Impoil- 
hume  in  the  Groin,  301.  l^xtmnuoine  F^tvis^ 
301. 

Fountain,  a  remarkable  one  m.^^dat,  IV.  iju^ 
187.  ' 

Fiiwl,  a  Pin  in  the  Gizard  of  one,  V.  5  j. 

Fk^ts^  haw  ^ur'd  in  Scotlat^,.  Y.  ii.  W7. 

Q. 
Q^mrnii,  ai^^ccc^t  of  x^a^gft  one  cui^d, 

y.  388. 

Glatfdul^  Rs^aletyzxd  litcp^i  in  a  Puerpera,. 

V.  290. 
pJir^lt^p  t]ie    Geq^phy  of  ^me  li«aM« 

Towns  near  it,  V.  ii.  31. 

OfGtn-Jeng,  siTartarian PlaxiXrlV-  ii.  3;4rJ»9- 
GwnjLaCf,  itf  ^mpinous  Quality,  IV.  ii.  275. 
Gurnard,  yellow,  dcfcrib'd,  V'  3J- 
Q^f,  th^iw^  of  ^Oqg's  Gk/  cut  out  and  cui^diT 

V.  27J, 

n^ 

0a$r,  a  Bqfid^  of  fT^V  voided  wi^  tbeUrhe, 
V,  270,  281 .  Balls  of  Hair  taken  from^be  Ulo- 
rns  ana  Ovaria  of  Wooven,  295. 

A  Har€  diffeatd,  V.  ig6. 

Skir^iff  Qif^  mv^cconjit  of.it,  IV.  ii,  264* 

B^morrbages, 


A  'General  INDEX. 


Hiem9rrlfili$  QaeomftOOt  V.  34S.  Vid.  Bb9d. 

of  the  H^emorrkMVmnf  V.  J40. 

H0t,  a  Moontain-A^  diftftedy  V.  196. 

Hgatf  a  Scale  of  the  Degrees  of  h,  IV.  ii.  i. 

Hfortt  the  Anatomy  of  the  Heart  of  Land-Tor- 
toifes,  V.  74.  The  left  Ventride  of  the  Heart 
wodigioufly  diftended,  229.  The  ^uta  jfrngoj 
Inferted  into  the  Right  Auricle,  &r.  231.  Of  the 
Force  of  the  Heart,  231,  to  240. 

Head,  a  BoUet  in  the  Head  tot  30  Yean,  V. 
J33. 

•  The  He^oft  Bdlom  impror'd,  IV.  447. 

•  Holland,  Remarkablei  there,  V.  ii.  134. 
Horace^  a  Paffi^  in  that  Poet  csplatn*d»  IV. 

474- 

-  tfmi'like  Excrefoebdet   on  the  Piiwert,  V. 
3«6. 

Hottentots,  fome  Aocoont  of  them,  V.  ii.  153. 

Hjdatides,  in  a  Sheep^t  ELidneyt  V.  54.  in  a 
Tomoor  in  the  Ne^k,  214.  voided  b)r  Stool^  2^7. 
with  the  Urine,  27S. 

Byfocanfia,  of  the  Ancients,  V.  ii.  62* 


Imagination,  the  Focce  of  it|  V.  ii.  i6t. 
'  Inftas,  in  S^in,  V.  lo.  in  the  Barks  of  Trees, 
12. 

Inferiptions,  vid.  Roman, 

Infcrtftions,  an  Etm/ean  one  on  TagesH  Statue, 
V.  ii,  58.   French  and  Irijb,  57. 

Indians,  fome  Account  of  their  Mechanic  Arts 
and  Phyfic,  V.  ii.  182. 

The  Iliac  Paffion,  one  that  died  of  it  diflefi- 
cd,  V.  268.  The  Inteftines  in  the  Cavity  of  the 
thorax,  V.  266.  The  Inteftines  grown  Qutilagi- 
nous,  268. 

Infinite  Series\  a  Difcourfe  on  them,  IV.  90, 

i}9. 

Iktereft,  the  common  Computations  of  it  cor- 
redled,  V.  ii.  242. 

'  Inundations  in  Torkfiire,  IV.    ii.  192.  in  he- 
land,  193. 

Ignetaia,  a  newTlant  from  Sra^l  difcoverM, 
IV.  ii.  321. 

Irony  IV.  ii.   2^4. 

Of  an    I/bmus   between  Dover  and  Calais, 
IV.  ii.  222,  to  233. 
'  Italy,  Obfervations  made  there,  V-.  ii.  1 36, 1 4 1 . 

A  New  Ifiand  rais'd  out  of  the  Sea  in  the 
jfrchifelagp,  V.  ii.  196,  to  a  13.  An  Account 
of  the  Sunk  yiand  in  die  HunAer  recovered, 
IV.  u.  251. 

fupiter,  an  Occultation  of  a  fix'd  Star  by  Jh- 
fiter,  IV.  304,  318.  Emeriions  of  the  Firft 
SateUitc  of  Jupiter,  171 3,  at  RMte^  306.  A 
Tranfit  of  Jupiter'^  Fourth  Satellite  over  the 
XKik  of  Jupiter^  307.    Tables  for  computmg 


die  Edipfcs  of 
Vid.  Colleaion 
329,  3j6. 


of   JJtrmmeUetl 


Kepler'%  PhsUem  folv^d,  IV.  aoS. 
Kidney^  an  Ulcer  in  i^  V.  252. 
Knife,   of  the  FrnJloM  qdb  fifViDov'd  if  «. 
Man^  V.  ii.  133, 


LmSeais^  ia  Experimest  o 
paffii^  than,  V.  254. 

Leih,  Obfervables  in  the  Lake  Fetter^  ia  i 
den,  IV.  ii.  183.     Of  the  LeUit  L^ag^N^k^ 
in  Ireland,  193. 

Idght  and  Colours,  EzperioieDts  on  tkau 
IV.  173- 

A  Glade  eXUghi  in  the  Hei^ens^  IV.  5.  133. 
^^^// in  the  Air,  bTr.  13^  1^1.  In  cfae  Wakca 
of  Ships  in  the  Sea,  V.  it.  213. 

Lithofirata  of  the  Antient^  V.  ii«  69. 

Logarithms f  a  new  way  of  computii^  tkeoiy 
IV.  87.  A  general  Method  of  maifc^g  thca^ 
156.     A  new  Method  of  making  them,   160. 

Long'lJfe,  Infiances  of,  in  Sbrepfilnre^  V.  ii.  69. 
in  NeW'Et^latid,  V.  ii.  165. 

Longitnde,  Obiervadons  of  the  Occuteatioos  of 
die  fix'd  Stan  by  the  Moon  ofeful  for  indiv  iu 
IV.  f98. 

The  Longitnde  of  Cambridge  in  New-Eaglamd^ 
IV.  4$i.  of  die  Cape  of  Good  Ope,  Ibid,  of 
the  Magellan  Streigbts,  453.  of  Linus  in  Perm^ 

IV.  339.  of  die  Ifland  rirgo  Gorda,  ibid«  of 
Nuremberg,  ibid. 

Lnngs,  an   Apoftemation  of  them  cnr^d,  V« 
221,  225. 
Lyre  of  the  Greeks  and  Romans,  IV.  474, 
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'    XTatv/,  in  tiie  Heads  of  SJieq),  V.  i  ^. 
«   /r«rA/»mPn)poraltofinditsAs^.  V.ii.  216.. 
i    Wr^xttir^  a  i^MM*  ^ndator;  diioovcrM  tliov 
,V.  ii.  61. 
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the  Library  on  or. before  the  last  date 
stamped  below. 

A  fine  is  incurred  by  retaining  it 
beyond  the  specified  time. 

Please  return  promptly. 
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